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Ergot (Claviceps fusiformis) is an important disease affecting pearl millet (Pennisetum glaucum). Host-plant resistance has been
central to the disease management strategies at ICRISAT Center, and accordingly the identification, utilization, and deployment
of resistance to ergot has been a major objective of pearl millet improvement research. This bulletin summarizes research work
done at ICRISAT since 1977, which has led to the development of an effective field screening technique, based on a proper
understanding of pathogen biology and disease epidemiology, and the role of pollination in ergot infection and resistance
identification; development of ergot-resistance sources; determination of the stability of resistance; and utilization of some of
these sources of resistance to breed agronomically elite ergot-resistant materials, especially hybrid seed parents.
More than 11 100 pearl millet entries were screened, and plants with <10% ergot severity were intermated to select lines with
improved levels of resistance through pedigree breeding. About 280 ergot-resistant lines and populations were developed, and
characterized for their reactions to smut, downy mildew, and rust, and for various agronomic traits. Some of the ergot-resistant
lines and populations were used in breeding projects aimed at producing ergot-resistant male-sterile lines, hybrids, and open-
pollinated varieties.
The information contained in this bulletin should be useful to breeders and pathologists involved in the genetic improvement
of pearl millet. Small quantities of seed of ergot-resistant lines are available on request.
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T h e des igna t i ons e m p l o y e d a n d the p resen ta t i on o f the m a t e r i a l i n th is p u b l i c a t i o n d o no t i m p l y the expres-
s i o n o f a n y o p i n i o n w h a t s o e v e r on the par t o f ICRISAT c o n c e r n i n g the legal s ta tus o f a n y c o u n t r y , t e r r i t o r y ,
c i ty, o r area, o r o f i ts a u t h o r i t i e s , o r c o n c e r n i n g the d e l i m i t a t i o n o f i ts f r on t i e r s o r b o u n d a r i e s . W h e r e t r ade
names are used th is does n o t cons t i t u te e n d o r s e m e n t o f o r d i s c r i m i n a t i o n aga ins t a n y p r o d u c t by the
Ins t i t u t e .
C o p y r i g h t 1993 by the I n t e r n a t i o n a l C r o p s Research I ns t i t u t e fo r the S e m i - A r i d T rop ics (ICRISAT).
A l l r i g h t s reserved . Except fo r q u o t a t i o n s o f sho r t passages fo r the pu rposes o f c r i t i c i s m a n d rev i ew , n o p a r t
o f th i s p u b l i c a t i o n m a y b e r e p r o d u c e d , s to red i n re t r i eva l sys tems, o r t r a n s m i t t e d , i n a n y f o r m o r b y a n y
means , e lec t ron ic , mechan i ca l , p h o t o c o p y i n g , r e c o r d i n g , o r o t h e r w i s e , w i t h o u t p r i o r p e r m i s s i o n o f ICRISAT. I t
i s h o p e d that th is C o p y r i g h t dec l a ra t i on w i l l n o t d i m i n i s h the bona f i de use o f i ts research f i n d i n g s i n
a g r i c u l t u r a l research a n d d e v e l o p m e n t i n o r fo r the t rop ics .
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I n t r o d u c t i o n
Ergot of pear l m i l l e t [Pennisetum glaucum (L.) R. Br.],
caused by Claviceps fusiformis Loveless, is an i m p o r -
tant disease in m a n y par ts o f the w o r l d (Rachie a n d
M a j m u d a r 1980, T h a k u r a n d K i n g 1988a). F 1 h y b r i d
cu l t i va rs based on cy top lasmic male-ster i le l ines are
genera l l y m o r e suscept ib le to th is disease than are
open -po l l i na ted var iet ies. Losses in g ra i n y ie ld as
h i g h as 65% in h y b r i d s a n d 54% in open-po l l i na ted
var ie t ies have been ob ta ined in f ie ld exper iments un-
der a r t i f i c ia l i n o c u l a t i o n at ICRlSAT Center (Thaku r
1987). Gra ins con tam ina ted w i t h ergot sclerot ia be-
come unsafe fo r use as f ood a n d feed because of
tox ic a l ka lo ids present in sclerot ia (Bhat et a l . 1976,
Loveless 1967, M a n t l e 1968, 1992). I n f o r m a t i o n is
ava i lab le on the geograph ica l d i s t r i b u t i o n , economic
i m p o r t a n c e , pa thogen b io logy , disease cycle, and
v a r i o u s con t ro l measures (Thaku r 1987, 1990, T h a k u r
a n d Chaha l 1987, T h a k u r a n d K i n g 1988a). Shor t p r o -
t o g y n y a n d r a p i d p o l l i n a t i o n we re f o u n d to be asso-
c iated w i t h ergot resistance (Thaku r and W i l l i a m s
1980). Pos t -po l l i na t i on s t igmat ic cons t r i c t ion m a y
preven t i n fec t i on o f the o v a r y by the pa thogen , a n d
thus m a y p r o v i d e resistance (Wi l l i nga le et a l . 1986).
Suscept ib i l i t y w a s f o u n d to be d o m i n a n t over resis-
tance ( T h a k u r et a l . 1983c).
U s i n g a f i e ld -sc reen ing techn ique d e v e l o p e d at
ICRISAT Cen te r ( T h a k u r e t a l . 1982), we screened
m o r e t h a n 11 100 ent r ies ( i nb red l ines, h y b r i d s , p o p -
u l a t i o n s , a n d g e r m p l a s m accessions) f r o m the ge-
net ic resources co l l ec t i on o f the Genet ic Resources
P r o g r a m a n d some b r e e d i n g projects a t ICRISAT
Center , a n d the A l l I n d i a C o o r d i n a t e d Pear l M i l l e t
I m p r o v e m e n t Project (AICPMIP). N o ent r ies w i t h
s ign i f i can t leve ls o f e rgot resistance w e r e f o u n d .
Never the less , resistance w a s d e v e l o p e d by p e d -
ig ree se lec t ion , f o l l o w e d b y c ross ing a m o n g rela-
t i v e l y less suscept ib le p lan ts f r o m severa l
g e r m p l a s m accessions a n d b r e e d i n g l ines. A n u m -
ber o f e rgot - res is tan t i n b r e d l ines a n d p o p u l a t i o n s
w e r e d e v e l o p e d .
S tab i l i t y o f resistance o f some o f these l ines a n d
p o p u l a t i o n s w a s d e t e r m i n e d t h r o u g h co l l abo ra t i ve
m u l t i l o c a t i o n a l tes t ing a t h o t - s p o t l oca t i ons i n I n d i a
a n d w e s t e r n A f r i c a . A l l e rgo t - res is tan t en t r ies w e r e
eva lua ted fo r a g r o n o m i c t ra i ts a n d reac t ions to
s m u t (Tolyposporium penicillariae Bref.), d o w n y m i l -
d e w (Sclerospora graminicola (Sacc.) Schroet.), a n d rus t
(Puccinia penniseti Z imm.) . A n u m b e r of ergot - res is -
tant source l ines a n d p o p u l a t i o n s w e r e used to
breed male-s te r i le l ines , h y b r i d s , a n d o p e n - p o l l i -
na ted var ie t ies . Several a g r o n o m i c a l l y e l i te , e rgo t -
resistant ma le-s te r i le l ines w i t h h i g h leve ls o f resis-
tance t o s m u t a n d d o w n y m i l d e w w e r e p r o d u c e d ,
a n d the i r po ten t i a l use i n b r e e d i n g e rgo t - res is tan t
h y b r i d s w a s tested.
Th i s b u l l e t i n descr ibes the d e v e l o p m e n t o f effec-
t i ve f ie ld screen ing techn iques , a n d the p rog ress
m a d e at ICRISAT Cen te r f r o m 1977 to 1991 t o w a r d s
the i d e n t i f i c a t i o n a n d u t i l i z a t i o n o f e rgo t res is tance
i n pear l m i l l e t . W e h o p e tha t readers w i l l f i n d the
i n f o r m a t i o n use fu l i n d e v e l o p i n g a bet ter u n d e r -
s t a n d i n g o f the disease, a n d e v e n t u a l l y i n the m a n -
agement o f e rgo t t h r o u g h hos t -p lan t resistance.
F i e l d S c r e e n i n g T e c h n i q u e
T h e s t a n d a r d f i e ld -sc reen ing t echn ique d e v e l o p e d
at ICRISAT Cente r ( T h a k u r e t a l . 1982) w a s f o l l o w e d .
Panicles are bagged a t the boo t - lea f s tage, u s i n g
se l f i ng bags o f p a r c h m e n t paper , a n d i n o c u l a t e d a t
the f u l l p r o t o g y n y stage (>75% s t i g m a emergence)
w i t h a n aqueous h o n e y d e w c o n i d i a l s u s p e n s i o n
( a p p r o x i m a t e l y 10
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 c o n i d i a m L
- 1
) o f C. fusiformis 
(F ig . 1). T h e suspens ion w a s o b t a i n e d f r o m the
h o n e y d e w o f p r e v i o u s l y i n o c u l a t e d pan ic les o f a 
suscept ib le cu l t i va r . H i g h re la t i ve h u m i d i t y (>80%)
w a s m a i n t a i n e d d u r i n g f l o w e r i n g a n d ea r l y g r a i n -
f i l l i n g b y s p r i n k l e r i r r i g a t i o n , p r o v i d e d t w i c e d a i l y
on ra in - f ree days . T h e bags w e r e r e m o v e d 20 d a y s
af ter i n o c u l a t i o n , a n d pan ic les w e r e scored fo r e rgo t
sever i t y based on the percentage o f f lo re ts i n f ec ted
(F ig . 2 ; T h a k u r a n d W i l l i a m s 1980).
I n the mate r ia l s tha t w e screened, the n u m b e r o f
i nocu la ted p lan ts v a r i e d f r o m 1 0 p e r e n t r y i n a n
i n b r e d l i ne or a p r o g e n y r o w to a b o u t 400 in a seg-
rega t i ng F 2 p o p u l a t i o n . W e c o m p u t e d m e a n a n d
range o f e rgo t seve r i t y f o r each en t ry . I n d i v i d u a l
pan ic les a n d l ines w i t h l o w s u s c e p t i b i l i t y t o e rgo t
(i.e., up to 10% sever i t y ) a n d g o o d se l fed seed set
(>75%) w e r e selected a n d a d v a n c e d to the nex t g e n -
e ra t i on fo r f u r t h e r e v a l u a t i o n a n d u t i l i z a t i o n .
1
Left: Pearl millet panicle in the protogyny stage, during which 
plants are most susceptible to ergot. Center: Infected panicle; 
fungal spores of Claviceps fusiformis infect the ovary and 
prevent anthesis. Right: At anthesis; from this stage onwards, 
plants are immune to ergot infection. 
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I d e n t i f i c a t i o n a n d I m p r o v e m e n t o f
E r g o t R e s i s t a n c e
T h e v a r i o u s steps i n v o l v e d i n the i d e n t i f i c a t i o n a n d
i m p r o v e m e n t o f e rgo t resistance i n pea r l m i l l e t are
d e p i c t e d in F i gu re 3 .
Resistance in g e r m p l a s m accessions
D u r i n g the 1977-84 p e r i o d , 2752 g e r m p l a s m acces-
sions f r o m 19 countr ies and some u n k n o w n sources,
obta ined f r o m the w o r l d co l lect ion of ICRISAT's Ge-
netic Resources P rog ram, were screened. No acces-
s ion was f o u n d to have an acceptable level o f
resistance to ergot. Howeve r , 27 accessions o r i g ina t i ng
f r o m Ind ia (10), N ige r ia (11), Togo (3), and Uganda (3)
had v a r y i n g frequencies o f p lants w i t h 0 -10% ergot
sever i ty a n d >75% selfed seed set (Table 1).
Seeds w e r e ha rves ted f r o m pan ic les o f p l an t s be-
l o n g i n g to these accessions, a n d used to p r o d u c e
h e a d - t o - r o w p rogen ies , w h i c h w e r e screened u p t o
S5 - S8 f o l l o w i n g a ped ig ree b r e e d i n g a p p r o a c h . A 
la rge n u m b e r o f i n d i v i d u a l p lan ts w e r e t h e n se -
lected fo r f u r t h e r e v a l u a t i o n a n d se lec t ion. F ina l l y ,
crosses w e r e m a d e a m o n g selected p rogen ies to de-
v e l o p h i g h e r leve ls o f e rgot resistance.
T h e g e o g r a p h i c a l d i v e r s i t y o f the 27 accessions
tha t s h o w e d s o m e degree o f resistance (Table 2)
m a y suggest a d i v e r s e genet ic base for e rgo t resis-
tance. H o w e v e r , genet ic s tud ies are needed to s u b -
s tan t ia te th is .
Resistance i n b r e e d i n g mater ia ls
M o r e t h a n 8 350 en t r ies f r o m v a r i o u s ICRISAT a n d
AICPMIP b r e e d i n g pro jec ts w e r e screened in the er -
g o t n u r s e r y a t ICRISAT Cen te r d u r i n g 1977-86 .
These i n c l u d e d h y b r i d s , ma le -s te r i l e l ines (A - l i nes ) ,
m a i n t a i n e r l ines (B- l ines) , p o l l i n a t o r l ines (R- l ines) ,
o the r i n b r e d l ines, a n d o p e n - p o l l i n a t e d var ie t ies
a n d the i r S1 p rogen ies .
A la rge p r o p o r t i o n o f en t r ies w a s suscept ib le to
ergo t . H y b r i d s i n p a r t i c u l a r w e r e m o r e suscep t ib le
t h a n o p e n - p o l l i n a t e d var ie t ies (F ig . 4) ; a n d i n g e n -
e ra l , ma le -s te r i le i n b r e d l ines w e r e m o r e suscep t ib le
t h a n ma le - fe r t i l e l ines. A f e w i n b r e d l ines, p o p u l a -
t i o n s , a n d h y b r i d s s h o w e d u p t o 10% ergot sever i ty ,
b u t the i r e v a l u a t i o n w a s c o m p l i c a t e d b y t w o fac-
Figure 3. A scheme to identify and improve ergot resis-
tance in pearl millet; adapted from Thakur and King
(1988a).
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Large variable collections of
germplasm accessions
Screen in ergot nursery; select
plants with low ergot severity (up to 10%)
Low ergot susceptible (LES) plants
Intercross LES plants
F1 plants
Screen in ergot nursery
Cross
among
LES
plants and
repeat, if
required
Select LES and
ergot-resistant (ER)
plants (up to 5% severity)
Repeat screening for
several generations-
ER F5 -F6 plants
from other crosses
ER F7 -F8 plantsx
Self and select LES/ER plants for
several generations
LES/ER inbred lines
Multilocational testing at selected
locations in India and western Africa
Identify sources of stable resistance
Use resistance in ICRISAT/national/
regional programs
Figure 4. Ergot resistance in pearl millet breeding mate-
rial from lCRISAT Center and the All India Coordinated 
Pearl Millet Improvement Project (AlCPMlP), screened at 
lCRlSAT Center, 1977-86. Number of lines shown in
parentheses.
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Table 2. Selected pearl millet lines used in crosses to
generate high levels of ergot resistance.
Line
J 606-2
J 703-1
J 797-1
J 2238
J 2210-2
700448
700590
700599
700619
700687
700708
EB 700638-3-2
3/4 EB 77-2-1
SC -1 (S4)-27-2
Togo 29-9-2
Togo 35-1-1
Country
of or igin
India
India
India
India
India
Nigeria
Nigeria
Nigeria
Nigeria
Nigeria
Nigeria
Nigeria
Nigeria
Uganda
Togo
Togo
100
80
60
40
20
0
0-10 11-20 21-30 31-40 41-50 >50
Ergot severity class
Materials bred by AICPMIP
Hybrids (663)
Varieties (436)
Inbred lines (339)
Locals (201)
80
60
40
20
0
Materials bred at ICRISAT Center
Hybrids (586)
Populations (5092)
Inbred lines (2037)
Table 1. Origin of pearl millet germplasm accessions
1
screened for ergot resistance at ICRISAT Center, 1977-84.
Country
of or ig in
Botswana
Burkina Faso
Cameroon
Ghana
India
Lebanon
Mali
Mozambique
Niger
Nigeria
Senegal
Sierra Leone
South Afr ica
Sudan
Tanzania
Togo
Uganda
(Former) USSR
Zimbabwe
Others
Total
Number of accessions
Screened
3
5
45
123
937
14
93
29
398
498
123
52
3
46
129
178
38
7
2
29
2752
Resistant
2
0
0
0
0
10
0
0
0
0
11
0
0
0
0
0
3
3
0
0
0
27
1. Seed source: Genetic Resources Program, ICRISAT Center.
6D e v e l o p m e n t o f resistant l ines
Six teen se lect ions o f g e r m p l a s m accessions w i t h re l -
a t i v e l y bet ter e rgo t res istance (<10% sever i t y ) f r o m
I n d i a , N i g e r i a , Togo , a n d U g a n d a w e r e used t o
m a k e a n u m b e r of p l a n t x p l a n t crosses. Of these, 16
crosses p r o v i d e d a h i g h p r o p o r t i o n o f res is tant
p l an t s in the F 3 t o F 8 genera t ions (Table 3).
to rs . F i rs t ly , the i r reac t ion c o u l d no t be c o n f i r m e d
as en t r ies in the t r ia ls c h a n g e d eve ry year ; a n d sec-
o n d l y , m o s t o f these en t r ies also had p o o r se l fed
seed set, w h i c h p r e v e n t e d se lec t ion fo r f u r t h e r eva l -
u a t i o n i n the nex t gene ra t i on . T h e f requency o f
l ines i n the 0 - 1 0 % ergo t seve r i t y range w a s gener-
a l l y greater i n ICRISAT-bred ma te r i a l s t h a n i n those
rece ived f r o m AICPMIP.
T h e sc reen ing o f b r e e d i n g mate r ia l s fo r severa l
consecu t i ve years d i d no t p r o v i d e a n y p o s i t i v e re -
su l ts a n d there fo re , i n accordance w i t h the r e c o m -
m e n d a t i o n s o f b reeders a n d pa tho log i s t s , r o u t i n e
screen ing o f b r e e d i n g ma te r i a l s fo r ergot resistance
w a s d i s c o n t i n u e d af ter 1986.
B reed ing ma te r i a l s are gene ra l l y h i g h l y suscept-
ib le to e rgo t , p r o b a b l y because o f a c o m b i n a t i o n o f
t w o factors : lack o f e f fo r ts to i n c o r p o r a t e e rgo t resis-
tance genes i n t o b r e e d i n g ma te r i a l s (poss ib ly be-
cause ergo t is seen as b e i n g less of a p r o b l e m t h a n
d o w n y m i l d e w ) , a n d the i nhe ren t d i f f i c u l t y i n
b r e e d i n g fo r p o l y g e n i c a l l y c o n t r o l l e d t ra i ts such as
ergo t resistance. D u e to genet ic heterogenei ty , espe-
c ia l l y i n f l o w e r i n g t i m e , o p e n - p o l l i n a t e d var ie t ies
suf fer less f r o m e rgo t u n d e r n a t u r a l c o n d i t i o n s t h a n
do h o m o g e n e o u s s ing le-cross F 1 h y b r i d s ( T h a k u r
a n d W i l l i a m s 1980, T h a k u r e t a l . 1983a). T h e lack o f
genet ic resistance c o u p l e d w i t h the re la t i ve l y
l o n g e r p r o t o g y n y p e r i o d s , p a r t i c u l a r l y i n cy to -
p l a s m i c ma le -s te r i l e l ines a n d the i r h y b r i d s , f u r t h e r
con t r i bu tes to increased suscep t ib i l i t y .
A recent s t u d y ( T h a k u r et a l . 1991) has s h o w n a 
s i gn i f i can t p o s i t i v e r e l a t i o n s h i p b e t w e e n ergot in -
f e c t i o n i n c y t o p l a s m i c ma le -s te r i l e l ines a n d in fec-
t i o n i n t he i r F 1 h y b r i d s . A l l the ma le -s te r i le l ines
c u r r e n t l y b e i n g used i n I n d i a t o p r o d u c e c o m m e r -
c ia l h y b r i d s are h i g h l y suscep t ib le to ergot a n d so
are the h y b r i d s based o n t h e m , i r respec t i ve o f
w h e t h e r the p o l l i n a t o r i s suscep t ib le o r res is tant
( T h a k u r e t a l . 1989b).
Ped igree b r e e d i n g a n d se lec t ion fo r h i g h e r leve ls
o f ergot resistance a n d g o o d se l fed seed set w e r e
c o n t i n u e d fo r severa l genera t ions , u n t i l the l ines
s h o w e d u n i f o r m l y h i g h levels o f res istance ( < 5 %
m e a n ergot sever i t y ) . To i m p r o v e the a g r o n o m i c
t ra i ts o f resistant l ines , doub le-c rosses ( i n v o l v i n g
f o u r pa ren ta l l ines) w e r e m a d e , a n d p e d i g r e e selec-
t i o n f o l l o w e d fo r severa l genera t ions u n t i l the l ines
w e r e s tab i l i zed . These l ines w e r e m a i n t a i n e d e i ther
by s i b b i n g o r by b u l k i n g the selfs, a n d w e r e as -
s i gned ICMPE (ICRISAT M i l l e t P a t h o l o g y Ergo t )
n u m b e r s ( A p p e n d i x 1). L ines w i t h s i m i l a r p h e -
no types w e r e i n t e r m a t e d t o p r o d u c e 52 r a n d o m -
m a t e d b u l k p o p u l a t i o n s (ICMPES n u m b e r s ) . Some
of these ICMPES p o p u l a t i o n s w e r e eva lua ted fo r re-
ac t ions t o s m u t a n d d o w n y m i l d e w i n the respec-
t i v e disease nurser ies at ICRISAT Center .
F r o m 16 crosses a m o n g l ines w i t h l o w levels o f
ergot resistance (<10% m e a n sever i t y ) , a n u m b e r of
resistant l ines we re d e r i v e d a t va r i ous segregat ing
generat ions. Based on the s tab i l i t y o f the i r resistance
in m u l t i l o c a t i o n a l tes t ing, f o u r l ines ( I C M L s 1 , 2 , 3 ,
a n d 4 ) w e r e i den t i f i ed as h a v i n g re la t i ve ly i m p r o v e d
ag ronom ic a t t r ibu tes (Table 4). These l ines we re r e g -
is tered as sources of stable resistance to ergot . T h e
n u m b e r o f genes a n d the na tu re o f resistance in these
l ines need to be d e t e r m i n e d .
Table 3. Crosses that provided a high proportion of
ergot-resistant plants in F3 to F8 generations.
Orig in
India x India
Afr ica x Afr ica
India x Africa
Cross
J 606-2 x J 703-1
J 2238 x J 2210-2
(J 606-2 x J 703-1) x (J 2238 x J 797-1)
(J 2238 x J 797-1) x (J 606-2 x J 703-1)
700619 x 700599
700599 x 3 /4 EB 77-2-1
700687 x 3 /4 EB 77-2-1
700448-1-E-2-3-7 x Togo 29-9-2-2
700708-1-E-3 x J 797-1-E-1-1
700708-1-E-l x J 797-1-E-1-2
J 2210-2-1-4-2-3 x Togo 29-9-2-1-1
Togo 35-1-1-1 x (700708-1-E-l x 
J 797-1-E-1-2)
(] 606-2 x ] 703-1) x (700619 x 700599)
(J 2238 x J 2210-2) x (700619 x 700599)
(700638-3-2 x SC-l(S4)-27-2) x (J 2238 x 
J 797-1)
(J 606-2 x J 703-1) x (700638-3-2 x 
SC -1 (S4) -27-2)
I d e n t i f i c a t i o n of stable resistance
A t each stage i n the d e v e l o p m e n t o f ergot - res is tant
m a t e r i a l s at ICRISAT Center , a t least some ent r ies
w e r e tested m u l t i l o c a t i o n a l l y i n I n d i a a n d w e s t e r n
A f r i c a t h r o u g h a n I n t e r n a t i o n a l Pear l M i l l e t E rgo t
S im i l a r l y , f o u r ergot - res is tant p o p u l a t i o n s
( I C M P s 1 , 2 , 3 , a n d 4) w h i c h s h o w e d c o m b i n e d re-
s istance t o e rgo t , s m u t , a n d d o w n y m i l d e w a t ICRI-
SAT Cen te r a n d o ther loca t ions i n m u l t i l o c a t i o n a l
tests, a lso possessed re l a t i ve l y i m p r o v e d a g r o n o m i c
a t t r i bu tes (except p l a n t he igh t a n d m a t u r i t y p e r i o d )
(Table 5). These p o p u l a t i o n s w e r e reg is tered as
sources o f m u l t i p l e disease resistance ( T h a k u r e t a l .
1988). F u r t h e r w o r k i s needed to u n d e r s t a n d the
genet ics o f the i r resistance.
A to ta l of 283 ergot-resistant l ines and popu la t i ons
w e r e i d e n t i f i e d , a n d des ignated as ICRISAT M i l l e t
Ergot Resistant (ICMER) numbe rs . The deta i led p e d -
igrees are p r o v i d e d in A p p e n d i x 1 . These l ines a n d
p o p u l a t i o n s w e r e i n i t i a l l y eva lua ted for resistance to
ergot ; subsequent l y fo r c o m b i n e d resistance to ergot ,
s m u t , d o w n y m i l d e w , a n d rus t ; a n d f i na l l y for g e n -
era l a g r o n o m i c t ra i ts ( A p p e n d i x 2).
N u r s e r y ( IPMEN). T h e test l oca t ions we re those
w h e r e ergot is k n o w n to occur gene ra l l y a t a re la-
t i v e l y h i g h i n tens i t y u n d e r n a t u r a l c o n d i t i o n s : A u -
r a n g a b a d , Ja ipur , Jamnagar , L u d h i a n a , M y s o r e ,
N e w D e l h i , Pa tanche ru , a n d Pune i n I n d i a ; a n d K a -
m b o i n s e ( B u r k i n a Faso) a n d S a m a r u ( N i g e r i a ) i n
w e s t e r n A f r i c a . These loca t ions rep resen t the m a j o r
pear l m i l l e t g r o w i n g areas f r o m a l a t i t u d e o f
1 1
o
 1 1 ' N (Samaru) t o 30°56 'N ( L u d h i a n a ) , w i t h m e a n
d a y tempera tu res o f 17 to 33°C d u r i n g the f l o w e r -
i n g p e r i o d .
I n co l l abo ra t i on w i t h p l a n t pa tho log i s t s f r o m r e -
search centers at these loca t ions , 2 0 - 3 0 test en t r ies
a n d a suscept ib le con t ro l w e r e e v a l u a t e d in the IP -
M E N eve ry year f r o m 1977 t o 1987. Some p r o m i s i n g
entr ies we re tested c o n t i n u o u s l y fo r 4 - 6 years t o
d e t e r m i n e the s tab i l i t y o f the i r e rgo t res is tance
across loca t ions ( e n v i r o n m e n t s a n d p a t h o g e n p o p u -
la t ions) . Some o f the less p r o m i s i n g en t r ies w e r e
rep laced by o the r ent r ies eve ry 2 - 3 years .
A n u m b e r o f l ines ( ICMPE) a n d p o p u l a t i o n s
(ICMPES) w e r e i d e n t i f i e d as h a v i n g s tab le res is tance
over years a n d across l oca t i ons (Tables 4 a n d 5;
T h a k u r e t a l . 1985). These are p r o b a b l y the best
sources o f s tab le res is tance ava i l ab l e a t p resen t ;
some o f these c o u l d p r o b a b l y p r o v i d e d u r a b l e resis-
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Table 4. Ergot severity and agronomic traits of four inbred pearl millet lines identified as sources of stable resistance
to ergot. Adapted from Thakur and King (1988a).
Line
1
I C M L 1 
I C M L 2 
I C M L 3 
I C M L 4 
Controls
ICMS 7703
WC-C75
SE(m)
(n = 12)
Reg. no.
2
GP-5
GP-6
GP-7
GP-8
Ergot
severity
( % )
3
3
2
3
4
44
45
Time to
50%
flowering
(d)
4
58
57
55
56
46
46
±1.0
Plant Panicles
height per
(cm)
4
 p lant
4
157 4 
158 4 
141 4 
166 3 
135 4 
132 5 
±8.0 ±0.4
23
23
28
27
21
20
±0.4
1000-
seed
mass
(g)
4
5.6
5.4
6.5
6.7
8.3
9.0
±0.2
1. I C M L = ICRISAT M i l l e t L ine.
I C M L 1 = I C M P E 13-6-27, I C M L 2 = I C M P E 13-6-30, I C M L 3 = I C M P E 134-6-25, I C M L 4 = I C M P E 134-6-34.
2 . F rom T h a k u r a n d K i n g (1988b).
3 . M e a n of 2 - 4 years o f test ing in the In ternat iona l Pearl M i l l e t Ergot Nu rse r y ( I P M E N ) at Samara (N iger ia ) , A u r a n g a b a d , Jamnagar,
Patancheru, Ludh iana , N e w De lh i , and Mysore ( India) .
4. Based on a f ie ld exper iment w i t h t w o repl icat ions at Patancheru, 1983/84 pos t ra iny season.
Panicle
length
(cm)
4
M u l t i p l e disease resistance
A n u m b e r o f ICMPE a n d ICMPES en t r ies w e r e
screened f o r severa l seasons fo r resistance to
d o w n y m i l d e w a n d s m u t . Each e n t r y w a s p l a n t e d
i n 2 - row, 4 m l o n g p l o t s i n t he d o w n y m i l d e w n u r s -
e r y a t ICRISAT Center . D o w n y m i l d e w sc reen ing
f o l l o w e d the t echn ique o f W i l l i a m s e t a l . (1981); i n -
fected p l an t s w e r e c o u n t e d 30 d a y s a f ter emergence
t o d e t e r m i n e the percen tage i nc idence o f d o w n y
m i l d e w . D i f f e ren t t i l l e rs f r o m m i l d e w - f r e e p l an t s
w e r e i n o c u l a t e d w i t h s m u t ( T h a k u r e t a l . 1983b)
a n d e rgo t ( T h a k u r e t a l . 1982) to assess leve ls o f
resistance to these diseases. Seeds f r o m p lan t s
s h o w i n g resistance to a l l the th ree diseases w e r e
ha rves ted , a n d the i r react ions c o n f i r m e d d u r i n g the
next season. Seed s tocks of these ent r ies w e r e in-
creased by se l f i ng , a n d s to red fo r f u r t h e r use.
A g r o n o m i c e v a l u a t i o n
I C M P E a n d I C M P E S ent r ies w h i c h s h o w e d c o m -
b i n e d resistance t o e rgo t , s m u t , a n d d o w n y m i l d e w
w e r e eva lua ted fo r a g r o n o m i c t ra i ts ( p l an t h e i g h t ,
t i m e t o 5 0 % f l o w e r i n g , n u m b e r o f pan ic les pe r
p l a n t , pan i c l e l e n g t h , a n d 1000-seed mass) u s i n g
s t a n d a r d m e t h o d s , i n d i f f e ren t seasons a t ICRISAT
Center .
Fo r m o r e c o n v e n i e n t se lec t ion o f l ines o r p o p u l a -
t i ons fo r u t i l i z a t i o n i n b r e e d i n g p r o g r a m s , 168
ICMER n u m b e r s w i t h m u l t i p l e resistance to e rgo t (<
10% sever i t y ) , d o w n y m i l d e w ( < 10% inc idence ) ,
a n d s m u t ( < 5 % seve r i t y ) , a n d w i t h i m p r o v e d
a g r o n o m i c t ra i ts such as t i m e to 5 0 % f l o w e r i n g ,
p l a n t he igh t , pan i c l e l e n g t h , a n d 1000-seed mass
(> 6 g ) , w e r e c lass i f ied i n t o 19 g r o u p s (Table 6). T h e
t i m e to 50% f l o w e r i n g r a n g e d f r o m < 55 d a y s
tance as w e l l . T h i s a s s u m p t i o n i s based on the fact
tha t p o l y g e n i c a l l y c o n t r o l l e d t ra i ts (as in th i s case)
are g e n e r a l l y m o r e d u r a b l e t h a n m o n o g e n i c a l l y
c o n t r o l l e d ones.
A la rge n u m b e r o f ICMPE a n d ICMPES en t r ies
have been i d e n t i f i e d as h a v i n g adequa te leve ls o f
f i e ld resistance t o e rgo t , s m u t , d o w n y m i l d e w , a n d
rus t ( A p p e n d i x 2, Tables 4 - 6).
Table 5. Plant characteristics and disease reactions of four pearl millet populations identified as sources of multiple
disease resistance.
Popula-
t ion
1
ICMP 1 
ICMP 2 
ICMP 3 
ICMP 4 
Controls
ICMS 7703
WC-C75
BJ 104
SE(m)
(n = 42)
Reg.
no.
2
GP-1
GP-2
GP-3
GP -4
Plant
height
(cm)
170
152
157
158
135
132
103
± 6.0
Time
to 50%
flowering
(d)
57
55
60
57
46
46
46
±1.0
Panicles
per
plant
4
4
4
4
4
5
7
±0.3
Panicle
length
(cm)
25
26
32
27
21
20
14
±0.7
1000-
seed
mass
(g)
6.5
6.8
8.2
8.6
8.3
9.0
6.9
±0.3
Ergot
seve-
r i ty
(%)
3
1
1
2
4
44
45
66
-
Smut
seve-
r i ty
( % )
4
0
0
0
0
25
23
65
-
Downy
mi ldew
incidence
( % )
4
3
2
1
1
5
-
42
-
1. I C M P = ICRISAT M i l l e t Popu la t ion . ICMP 1 = ICMPES 1, I C M P 2 = ICMPES 2, I C M P 3 = ICMPES 28, I C M P 4 = ICMPES 32.
2 . F rom T h a k u r a n d K i n g (1988a).
3. M e a n of 3 years (1981-83) of test ing at 7-12 locat ions in Ind ia and western A f r i ca .
4. M e a n of 3 years (1981-83) of test ing in m u l t i p l e disease nursery at ICRISAT Center.
- = data not recorded.
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Table 6. Nineteen groups of 168 lCMER (ICRISAT Mil let Ergot Resistant) lines/populations based on agronomic traits
1
and disease reaction
2
.
Group
no.
1
2
3
4
5
6
7
8
9
10
11
12
ICMER 027
ICMER 132
ICMER 021
ICMER 034
ICMER 119
ICMER 138
ICMER 287
ICMER 269
ICMER 045
ICMER 068
ICMER 140 
ICMER 215
ICMER 018
ICMER 281
ICMER 289
ICMER 098
ICMER 265
ICMER 276
ICMER 114
ICMER 205
ICMER 085
ICMER 242
ICMER 048
ICMER 075
ICMER 141
ICMER 174
ICMER 222
ICMER 011
ICMER 077
ICMER 123
ICMER 235
ICMER 239
ICMER 253
ICMER 052
ICMER 104 
ICMER 013
ICMER 099
ICMER 107
ICMER 228
ICMER 284
Name of l ine
ICMER 113
ICMER 022
ICMER 105
ICMER 127
ICMER 171
ICMER 270
ICMER 046
ICMER 088
ICMER 181
ICMER 230
ICMER 267
ICMER 285
ICMER 137
ICMER 266
ICMER 277
ICMER 170
ICMER 198
ICMER 251
ICMER 069
ICMER 097
ICMER 149
ICMER 178
ICMER 224
ICMER 012
ICMER 091
ICMER 169
ICMER 237
ICMER 245
ICMER 255
ICMER 057
ICMER 282
ICMER 060
ICMER 101
ICMER 116
ICMER 229
ICMER 131
ICMER 030
ICMER 112
ICMER 128
ICMER 286
ICMER 064
ICMER 103
ICMER 214
ICMER 231
ICMER 275
ICMER 288
ICMER 204
ICMER 273
ICMER 278
ICMER 203
ICMER 202
ICMER 073
ICMER 115
ICMER 157
ICMER 217
ICMER 234
ICMER 017
ICMER 095
ICMER 216
ICMER 238
ICMER 250
ICMER 256
ICMER 065
ICMER 061
ICMER 102
ICMER 124
ICMER 283
Time to
50%
flowering
(d)
<55
<55
<55
<55
<55
<55
56-60
56-60
56-60
56-60
56-60
56-60
Plant
height
(cm)
<150
151-180
151-180
151-180
>180
>180
< 150 
< 150
151-180
151-180
>180
>180
Panicle
length
(cm)
21-25
21-25
<20
>25
21-25
>25
<20
21-25
21-25
>25
21-25
>25
No. of
lines
4
13
2
11
7
9
4
5
15
18
5
13
Continued....
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d a y s in 47 ent r ies to >60 d a y s in 61 ent r ies ; p l a n t
he igh t f r o m <150 cm i n 28 en t r ies t o >180 cm i n 42
ent r ies ; a n d pan ic le l e n g t h f r o m < 20 cm in 14 en-
t r ies to >25 cm in 71 ent r ies . A b o u t 150 ent r ies h a d
v e r y h i g h levels o f resistance ( < 5 % sever i t y / i n c i -
dence) t o e rgo t , s m u t , a n d d o w n y m i l d e w ; a n d 2 6
of these ent r ies w e r e also res is tant to rus t (<10%
sever i t y ) ( A p p e n d i x 2).
Except fo r t i m e t o 5 0 % f l o w e r i n g a n d p l a n t
he igh t , m o s t o f these ergot - res is tant l i n e s / p o p u l a -
t i ons s h o w e d a g r o n o m i c t ra i ts s u p e r i o r t o those i n
l i n e s / p o p u l a t i o n s d i r e c t l y selected f r o m g e r m -
p l a s m accessions. A n u m b e r o f these l i n e s / p o p u l a -
t i ons f l o w e r a t least 8 -10 d a y s later a n d are 2 0 - 5 0
cm ta l le r t h a n p o p u l a r cu l t i va r s . In areas w h e r e e r -
go t is a r e c u r r i n g p r o b l e m (e.g., s o u t h e r n A f r i c a ) ,
these i m p r o v e d ma te r i a l s c o u l d b e o f v a l u e i n d e v e -
l o p i n g ergot - res is tant o p e n - p o l l i n a t e d var ie t ies .
In a p r e l i m i n a r y m u l t i l o c a t i o n a l t r i a l i n I n d i a
d u r i n g the 1984 r a i n y season, 18 e rgo t - res is tan t
p o p u l a t i o n s (ICMPES entr ies) w e r e eva lua ted fo r
na t u ra l ergot i n f e c t i o n a n d g r a i n y i e l d a t Pune , A u -
r a n g a b a d , Bhavan isagar , a n d Pa tanche ru . T w o p o p -
u l a r o p e n - p o l l i n a t e d released va r ie t ies , W C - C 7 5
a n d I C M S 7703, w e r e used as con t ro l s . T h e t r i a l w a s
c o n d u c t e d i n a r a n d o m i z e d c o m p l e t e b l o c k d e s i g n
in t w o rep l i ca t i ons w i t h 4 - r o w p lo t s o f 4 m l e n g t h .
Disease scores a n d g r a i n y i e l d s w e r e r e c o r d e d .
Some o f the ICMPES ent r ies c o m p a r e d w e l l i n
a g r o n o m i c t ra i ts a n d g r a i n y i e l d w i t h the c o n t r o l
var ie t ies (ICRISAT 1985). E rgo t seve r i t y in 18 ICMPES
entr ies u n d e r h i g h ergot pressure r a n g e d f r o m 0 to
1 % c o m p a r e d w i t h 4 4 % i n I C M S 7703 a n d 4 5 % i n
W C - C 7 5 . I n a d d i t i o n , a l l the ICMPES ent r ies s h o w e d
v e r y h i g h resistance t o d o w n y m i l d e w a n d s m u t .
O n e o f these p o p u l a t i o n s , I C M P E S 28, s h o w e d
Table 6. Continued. 
Group
no.
13
14
15
16
17
18
19
ICMER 199
ICMER 208
ICMER 197
ICMER 218
ICMER 047
ICMER 243
ICMER 003
ICMER 079
ICMER 156
ICMER 196
ICMER 210
ICMER 220
ICMER 010
ICMER 058
ICMER 092
ICMER 223
ICMER 236
ICMER 244
ICMER 249
ICMER 063
ICMER 014
ICMER 163
Name of line
ICMER 200
ICMER 213
ICMER 209
ICMER 258
ICMER 086
ICMER 252
ICMER 005
ICMER 125
ICMER 172
ICMER 206
ICMER 212
ICMER 246
ICMER 023
ICMER 059
ICMER 093
ICMER 227
ICMER 240
ICMER 247
ICMER 254
ICMER 176
ICMER 096
ICMER 225
ICMER 201
ICMER 211
ICMER 232
ICMER 074
ICMER 139
ICMER 187
ICMER 207
ICMER 219
ICMER 259
ICMER 056
ICMER 078
ICMER 121
ICMER 233
ICMER 241
ICMER 248
ICMER 280
ICMER 154
Time to
50%
flower ing
(d)
>60
>60
>60
>60
>6()
>60
>60
Plant
height
(cm)
<150
<150
<150
151-180
151-180
>180
>180
Panicle
length
(cm)
<20
21-25
>25
21-25
>25
<20
>25
No. of
lines
5
5
5
18
20
3
5
1. A g r o n o m i c trai ts i nc lude 1000-seed mass > 6.0 g 
2. Disease-resistant: <107% ergot severi ty, <10% d o w n y m i l d e w incidence, and <5% smut severity.
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Figure 5. Ergot severity in two backcross series of 81A x 
ICMPE 134-6-9. 
BC1 (A) - BC4 (A) refer to male-sterile progenies at different 
backcross stages of conversion of the B-line ICMPE 134-6-9 
into an A-line. Note that 81 A, used as a nonrecurrent donor of 
A1 cytoplasm, had 867c ergot severity; the recurrent ergot-
resistant parent ICMPE 134-6-9 had <1% ergot severity. Each 
data point is the mean of at least 40 inoculated panicles from 
two replications in the ergot nursery at ICR1SAT Center, 1984 
rainy season. 
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g o o d g r a i n y i e l d p o t e n t i a l a n d resistance t o ergot i n
severa l years o f tes t ing in e rgo t -endemic areas in
Z i m b a b w e a n d Tanzan ia (Wal ter de M i l l i a n o , pers.
c o m m u n i c a t i o n ) .
I n h e r i t a n c e o f Ergot Resistance
T w o ergot - res is tant l ines ( I C M P E 13-6-9 a n d I C M P E
134-6-9) a n d t w o suscept ib le restorer l ines ( ICP 220
a n d J 104) w e r e used to p r o d u c e t w o crosses:
I C M P E 134-6-9 x J 104 a n d ICP 220 x I C M P E 13-6-9.
T h e paren ts , F1S, F2s, BC1s, a n d BC2s we re gener-
a ted a n d screened a t ICRISAT Center d u r i n g the
1982 r a i n y season u s i n g the s tanda rd ergot screen-
i n g m e t h o d ( T h a k u r e t a l . 1982). Est imates o f the
c o m p o n e n t s o f genet ic va r iance ( M a t h e r 1949) and
genet ic advance (Johnson et a l . 1955) s h o w e d that
resistance to ergot w a s i n h e r i t e d quan t i t a t i ve l y , and
c o n t r o l l e d by recessive genes. H e r i t a b i l i t y est imates
in a n a r r o w sense w e r e 0.55 a n d 0.31, and genet ic
advance 4 0 % a n d 20% for I C M P E 134-6-9 x J 104
a n d ICP 220 x I C M P E 13-6-9, respec t ive ly ( T h a k u r
et a l . 1983c).
T h i s i s the o n l y s t u d y conduc ted so far on the
inhe r i t ance o f ergot resistance i n pear l m i l l e t . O u r
a t t e m p t s to select fo r a g r o n o m i c a l l y e l i te b r e e d i n g
m a t e r i a l , a n d to i nco rpo ra te resistance i n t o such
m a t e r i a l , c o n f i r m the c o m p l e x na tu re o f the i n h e r i -
tance o f e rgo t resistance. H o w e v e r , m o r e de ta i l ed
genet ic s tud ies are needed to bet ter u n d e r s t a n d the
n a t u r e a n d i nhe r i t ance o f resistance to ergot .
U t i l i z a t i o n o f Ergot Resistance
Ergot - res is tan t l ines w e r e used at ICRISAT Cente r to
b reed male-s te r i le l ines a n d o p e n - p o l l i n a t e d v a r i -
et ies. Research w a s c o n d u c t e d i n t w o phases. I n the
f i rs t phase (1981-84) , the ob jec t ive w a s to i d e n t i f y
res is tant l ines w h i c h w o u l d b e non-res torers o n
male -s te r i l e l ines (such as 81A, b red at ICRISAT), f o r
c o n v e r s i o n i n t o ma le -s te r i le l ines. I n Phase I I , w h i c h
b e g a n in 1985, we selected resistant l ines for h y b r i d -
i z a t i o n w i t h the m a i n t a i n e r o f a n e l i te c o m m e r c i a l
ma le -s te r i l e l i ne (843A) . I n a d d i t i o n , severa l o ther
factors , s u c h as f l o ra l b i o l o g y a n d a g r o n o m i c back-
g r o u n d o f sources o f resistance, w e r e s t u d i e d .
Male-sterile lines—Phase I 
A n ergot - res is tant l i ne ( I C M P E 134-6-9) w a s i d e n t i -
f ied as a non- res to rer of 81A (a p o p u l a r b u t e rgo t -
suscept ib le A - l i n e ) . T w o p l an t s o f th i s l i ne , i n p a r a l -
le l backcross series ( I a n d I I ) , w e r e c o n v e r t e d i n t o
A - l i nes u s i n g the c y t o p l a s m o f 81A. E rgo t seve r i t y
was recorded in the F 1 a n d up to BC 4 . Seve r i t y de -
c l i ned f r o m 86% in F 1 to 5% in B C 4 F 1 in ser ies I , a n d
f r o m 76% in F 1 to 6% in B C 4 F 1 in ser ies I I (F ig . 5).
Th i s s h o w s h o w r a p i d p rogress can be m a d e i n re -
c o v e r i n g resistance to e rgo t w h e n res is tant l ines are
conver ted i n to A - l i nes .
81A a n d the p a r t i a l l y c o n v e r t e d res is tant A - l i n e
a t B C 3 w e r e each crossed w i t h seven res is tant l i n e s /
p o p u l a t i o n s ( I C M P E s 13-6-27, 82-5, a n d 13-6-30;
ICMPESs 1, 22, 38, and 16) to p r o d u c e seven pa i r s o f
F1 BC1 (A) B C 2 (A) B C 3 (A) B C 4 (A)
Generation
100
80
60
40
20
0
Backcross series I 
Backcross series II
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(80% seve r i t y ) , a n d 5141A (83% seve r i t y ) . T h e test-
crosses w e r e eva lua ted fo r e rgo t reac t i on d u r i n g the
1983 r a i n y season. A n o t h e r set of 89 test-cross hy-
b r i d s w a s m a d e b e t w e e n seven ergo t - res is tan t ( 1 0 -
22% sever i t y ) sister A - l i n e s (backcross ing o f i n d i -
v i d u a l p l an t s o f I C M P E 134-6-9 i n t o 81A c y t o p l a s m )
a n d ergot - res is tant p o l l i n a t o r s ( 1 - 8 % seve r i t y ) (Ta-
b le 8). These w e r e eva lua ted fo r e rgot res is tance
d u r i n g the r a i n y seasons i n d i f f e ren t years .
Ergo t sever i t y in the 642 test-cross h y b r i d s o f
suscept ib le A - l i n e s r a n g e d f r o m 63 t o 98%. I n c o n -
t rast , sever i t y in the 89 test-cross h y b r i d s (o f resis-
tan t A - l i nes ) r a n g e d f r o m 7 to 8 1 % ; th ree h y b r i d s
s h o w e d a seve r i t y of <10% (Table 8). These resu l ts
c lear ly d e m o n s t r a t e that i n o rde r to b reed res is tant
h y b r i d s i n pea r l m i l l e t , b o t h paren ts m u s t b e
resistant .
h y b r i d s . E rgo t react ions o f A - l i n e s , m a l e paren ts ,
a n d the i r h y b r i d s w e r e d e t e r m i n e d i n the e rgo t
n u r s e r y d u r i n g the 1984 r a i n y season. A l l F1 hy-
b r i d s of B C 3 A x res is tant l ines s h o w e d s i gn i f i can t l y
less e rgo t ( 2 9 - 5 1 % seve r i t y ) t h a n d i d F 1 h y b r i d s o f
81A x resistant l ines ( 6 3 - 7 7 % seve r i t y ; Table 7).
W h e n the res istant l i ne used as a p o l l i n a t o r w a s the
same as the one c o n v e r t e d i n t o an A - l i n e , e rgo t se-
v e r i t y i n the h y b r i d w a s as l o w as 5%.
These resul ts c lea r l y i n d i c a t e the poss ib i l i t y o f
b r e e d i n g h y b r i d s w i t h h i g h leve ls o f resistance, p r o -
v i d e d b o t h pa ren ts have resistance f r o m the same
source. H o w e v e r , s u c h a n a p p r o a c h w o u l d tend t o
reduce the genet ic d i v e r s i t y b e t w e e n m a l e a n d fe -
m a l e paren ts , l e a d i n g to a r e d u c t i o n in heterosis fo r
g r a i n y i e l d o f the h y b r i d .
I n d i v i d u a l p l an t s selected f r o m 30 F 5 p rogen ies
w h i c h s h o w e d < 2 0 % seve r i t y w e r e used a s p o l l i n a -
to rs to p r o d u c e 642 test-cross h y b r i d s d u r i n g the
1982 /83 p o s t r a i n y season. T h e p o l l i n a t o r s w e r e de-
rived as f o l l o w s : 3 f r o m J 606-2 x J 703-1 , 1 f r o m J 
703-1 x J 606-2,15 f r o m J 2238 x J 2210-2, a n d 11 f r o m
700619 x 7(X)599. Th ree e rgo t -suscep t ib le A - l i n e s
w e r e u s e d : Pb 111 A (76% sever i t y ) , 5054A
Table 8. A summary of ergot reactions of test-cross hy-
brids using ergot-resistant pollinators.
A-l ine
Set I
2
Pb 111A 
5054A
5141A
Set I P
ER-A-1
ER-A-2
ER-A-3
ER-A-4
Set H I
4
ER-A-3
ER-A-4
Set IV
5
l C M A 91113
l C M A 91114
I C M A 91115
No. of
test-cross
hybrids
189
216
237
10
9
11
9
19
16
5
5
5
Ergot severity
1
 (%)
A-l ine
76
80
83
14
10
14
13
5
3
19
22
15
Poll inator
<l-20
<l-20
<l-20
1
1
1
1
8
8
1-8
1-8
1-8
Hybr id
63-85
84-98
65-92
19-49
9-36
22-59
18-39
17-67
7-64
8-81
48-79
18-72
1. Mean of 10-30 inoculated panicles f rom 2-3 replications at ICRISAT
Center ergot nursery. Set 1 1983, Set II 1985/86, Set I I I 1987/88, Set
IV 1990 rainy season.
2. 3 selections f rom J 606-2 x J 703-1, 1 selection f rom J 703-1 x J 606-2,
15 selections f rom J 2238 x J 2210-2, and 11 selections f rom 700619 x 
700599.
3. ER-A-1, A-3, A-2, A-4 = (81A x ICMPE 134-6-9)-9-2-4-3-6 BC5, (81A
x ICMPE 134-6-9)-9-2-4-3-6 BC6, (81A x ICMPE 134-6-18)-9-2-4-5-2
BC5, and (81A x ICMPE l34-6-18)-9-2-4-5-2 BC6, respectively.
Poll inator : ICMPES 23
4. Poll inator : Togo 54-5-4-5
5. ICMA 91113 = 81A1 x (843B x ICMPES 29)-23-5-2B
I C M A 91114 = 81A1 x (843B x ICMPES 34)-56-2B
I C M A 91115 = 81A1 x [ICMPES 34 x 
(843B x ICMPES 34)]-155-4-2
Pollinators: ICMPES 1, ICMPES 2, ICMPES 33,
ICMPE 1-1-14-4-2-1, ICMPE 2-2-2-1-4-2
Table 7. Ergot severity of partially converted ergot-resis-
tant male-sterile lines, pollinators, and their F1 hybrids,
ICRISAT Center, rainy season 1984.
Cross
A- l ine x pol l inator
BC3 (A)-1 x ICMPE 13-6-27
81 A x ICMPE 13-6-27
BC3 (A)-1 x ICMPE 82-5
81 A x ICMPE 82-5
BC3 (A)-2 x ICMPE 13-6-30
81 A x ICMPE 13-6-30
BC3 (A)-3 x ICMPES 1 
81 A x ICMPES 1 
BC3 (A)-4 x ICMPES 22
81 A x ICMPES 22
BC3 (A)-5 x ICMPES 38
81 A x ICMPES 38
BC3 (A)-5 x ICMPES 16
81 A x ICMPES 16
Cont ro l
BC3 (A)-8 x ICMPE 134-6-9
SE
Ergot severity (%)
1
A-l ine
3
83
3
83
1
83
21
83
21
83
10
83
10
83
17
±9.7
Poll inator
4
4
2
2
1
1
7
7
7
7
4
4
2
2
<1
±0.6
F1
34
77
38
63
46
67
38
67
51
63
36
63
29
77
5
±5.2
1. Mean of 10 inoculated panicles from a single-row unreplicated trial.
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Table 9. Number of plants inoculated with ergot and
selected for advancement in two F2 and two BC1F1 pop-
ulations, ICRISAT Center, 1985/86 postrainy season.
Popula-
t ion
F2
BC1F1
Pedigree
843B x ICMPES 29
843B x ICMPES 34
ICMPES 29 x (843B x 
ICMPES 29)
ICMPES 34 x (843B x 
ICMPES 34)
Number of
plants
Inocu-
lated
1660
1741
475
432
Select-
ed
1
32
59
15
64
Percent-
age
of plants
selected
1.9
3.4
3.1
14.8
1. Plants showing <10% ergot severity, good selfed seed set, shorter plant
height, and early flowering as in 843B were selected and harvested.
advancemen t v a r i e d f r o m 1.9 to 3.4% in F 2 a n d 3.1
to 14.8% in BC 1 F 1 p o p u l a t i o n s (Table 9).
Pedigree b r e e d i n g w i t h s i m u l t a n e o u s v i sua l se -
lec t ions fo r a g r o n o m i c t ra i t s a n d e rgo t res is tance
w a s c o n t i n u e d u n t i l the F 7 a n d B C 1 F 6 gene ra t i ons
i n the above crosses. Se lec t ion fo r d o w n y m i l d e w
resistance, i n i t i a l l y d o n e i n the F 2 a n d B C 1 F 1 p o p u -
la t ions , was d o n e t w i c e m o r e : a t the F 5 a n d BC 1 F 4 ,
a n d F 7 a n d BC 1 F 6 stages.
A b o u t 2 0 - 3 0 % o f t he F 3 / F 4 p r o g e n i e s d e r i v e d
f r o m F 2 p o p u l a t i o n s h a d <10% e r g o t s e v e r i t y , a n d
6 -14% h a d > 5 0 % s e v e r i t y ( F i g . 6) . B y t he F 5 / F 7
g e n e r a t i o n s (F 6 p r o g e n i e s w e r e n o t sc reened )
a b o u t 9 0 % o f p r o g e n i e s h a d < 1 0 % s e v e r i t y , a n d
v e r y f e w h a d > 3 0 % seve r i t y . I n B C 1 - d e r i v e d p r o -
gen ies , t he p r o p o r t i o n o f l i nes w i t h < 1 0 % s e v e r i t y
w a s h i g h e r ( 4 5 - 5 0 % ) i n the i n i t i a l g e n e r a t i o n s
( i .e. , F 2 / F 3 ) t h a n i n F 2 - d e r i v e d p r o g e n i e s . B y t he
F 4 / F 6 s tage, h o w e v e r , the f r e q u e n c y o f p r o g e n i e s
w i t h <10% s e v e r i t y i nc reased t o a b o u t 8 0 % , w h i c h
w a s s l i g h t l y less t h a n in F 5 / F 7 p r o g e n i e s d e r i v e d
f r o m the s i ng le -c ross F 2 p o p u l a t i o n s . Se lec t i ons
w e r e m a d e f o r a c o m b i n a t i o n o f h i g h res i s tance
leve ls a n d d e s i r a b l e a g r o n o m i c t r a i t s . The n u m -
ber o f F 7 p r o g e n i e s f i n a l l y se lec ted f r o m F 2 p o p u -
l a t i o n s w a s m u c h h i g h e r t h a n F 6 p r o g e n i e s
d e r i v e d f r o m BC 1 p o p u l a t i o n s . T h i s w a s n o t un -
e x p e c t e d , because B C 1 - d e r i v e d p r o g e n i e s cons i s -
ted o f a l a rge r p r o p o r t i o n o f g e n e t i c m a t e r i a l s
f r o m e rgo t - r es i s t an t sources , w h i c h h a d r e l a t i v e l y
p o o r a g r o n o m i c b a c k g r o u n d s .
Agronomic traits and disease resistance
D o w n y m i l d e w is a ser ious disease o f ma jo r con -
cern i n the b r e e d i n g o f h y b r i d paren ts i n pear l m i l -
let. Select ion for resistance to d o w n y m i l d e w
became p a r t i c u l a r l y i m p o r t a n t because 843B, w h i c h
is used as an e l i te m a i n t a i n e r l i ne in the ICRISAT
h y b r i d i z a t i o n p r o g r a m , i s suscept ib le to the d is -
ease. T h e F2 p o p u l a t i o n s (843B x I C M P E S 29 and
843B x I C M P E S 34) a n d the BC 1F 1 p o p u l a t i o n s
[ I C M P E S 29 x (843B x I C M P E S 29) a n d I C M P E S 34
x (843B x I C M P E S 34)] w e r e screened for d o w n y
m i l d e w resistance i n the g reenhouse by sp ray - inoc -
u l a t i n g seed l ings at the co leop t i l e to 1-leaf stage
w i t h a suspens ion o f spo rang ia , a n d i n c u b a t i n g
t h e m for 12-16 h u n d e r 95% re la t i ve h u m i d i t y (ICRI-
SAT 1988). T h e disease-free seed l ings (more t h a n
5 000 f r o m each F2 a n d m o r e t h a n 1 000 f r o m each
B C 1 F 1 ) w e r e t r ansp lan ted t o the f ie ld i n the 1985 /86
p o s t r a i n y season. Based p r i m a r i l y on shor te r p l a n t
he igh t , ear l ie r f l o w e r i n g , a n d g o o d exse r t i on , m o r e
t h a n 1 600 p lan t s in each F 2 p o p u l a t i o n , a n d abou t
400 p lan t s i n each BC 1 F 1 p o p u l a t i o n , w e r e screened
fo r e rgo t resistance.
P lan ts tha t s h o w e d resistance to ergot c o u p l e d
w i t h la rge seed s ize, g o o d se l fed seed set, a n d g o o d
t i l l e r i n g w e r e selected fo r a d v a n c e m e n t to the next
g e n e r a t i o n . T h e p r o p o r t i o n o f p lan ts selected fo r
Male-sterile lines—Phase II
T h e d i rec t u t i l i t y o f ergot - res is tant sources i n breed-
i n g ma le -s te r i l e l ines w a s cons t ra ined by the i r later
m a t u r i t y , greater p l a n t he igh t , sma l le r seed size,
a n d u n k n o w n c o m b i n i n g ab i l i ty . There fo re , an a t -
t e m p t w a s m a d e in th is phase to b reed fo r ergot
resistance i n i m p r o v e d a g r o n o m i c b a c k g r o u n d s .
T w o ergot - res is tant sources ( I C M P E S 29 a n d
I C M P E S 34), p l a n t e d in the 1984 /85 p o s t r a i n y sea-
son in i so l a t i on p lo ts fo r seed increase, we re
crossed w i t h 843B, w h i c h is the m a i n t a i n e r o f a 
p o p u l a r ma le -s te r i le l ine (843A). The lat ter is char-
ac ter ized b y d 2 d w a r f he igh t , ea r l y m a t u r i t y , large
seed s ize, g o o d t i l l e r i n g , excel lent pan ic le exser t i on ,
a n d g o o d genera l c o m b i n i n g ab i l i ty . I n the 1985
r a i n y season, b o t h F 1 s we re sel fed to p r o d u c e F 2
p o p u l a t i o n s a n d w e r e also backcrossed to the i r re-
spec t i ve ergot - res is tant parents to p r o d u c e BC 1 F 1
p o p u l a t i o n s .
Figure 6. Ergot severity in progenies of various inbreed-
ing generations derived from F2 and BC1 F1 populations, 
lCRISAT Center, 1986. 
F2s: 843B x ICMPES 29; 843B x lCMPES 34. BC1s: ICMPES 
29 x (843B x lCMPES 29); ICMPES 34 x (843B x ICMPES 
34). Number of populations or progenies shown in parentheses. 
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Bloral biology of resistant A-lines
Ergot resistance is c losely associated w i t h f l o ra l
character is t ics o f the g e n o t y p e ( T h a k u r a n d W i l l -
i ams 1980, W i l l i n g a l e et a l . 1986). To d e t e r m i n e th is
assoc ia t ion , f ou r ergot - res is tant A - l i nes at BC5 a n d
BC 6 we re c o m p a r e d w i t h the i r c o r r e s p o n d i n g B-
l ines for s t i gma l eng th , l e n g t h o f p r o t o g y n y ( t i m e
be tween s t i gma emergence a n d an the r emergence) ,
t i m e b e t w e e n s t i gma i n i t i a t i o n (SI) a n d 75% s t i g m a
emergence (SE), t i m e b e t w e e n S I a n d s t i g m a w i t h -
e r i n g (SW), a n d t i m e b e t w e e n SE a n d anthes is i n i -
t i a t i o n (A I ) . A p o p u l a r h y b r i d cu l t i va r , BJ 104, w a s
Fertility / sterility of hybrids
A b o u t 80 F 5 p rogen ies d e r i v e d f r o m b o t h s ing le -
cross p o p u l a t i o n s a n d abou t the same n u m b e r o f F 4
progen ies d e r i v e d f r o m one backcross p o p u l a t i o n ,
w e r e crossed w i t h 81A in the 1987 r a i n y season. T h e
h y b r i d s w e r e eva lua ted i n the 1987 /88 p o s t r a i n y
season for p o l l e n f e r t i l i t y / s t e r i l i t y (based on a vi-
sua l score o f p o l l e n s h e d d i n g ) , a n d c lass i f ied as fer-
t i le o r s ter i le .
A b o u t 79% of the h y b r i d s based on F 5 p rogen ies
f r o m single-cross p o p u l a t i o n s , a n d abou t 7 1 % o f
those based on F 4 p rogen ies f r o m the backcross
p o p u l a t i o n s , we re male-s te r i le (Table 10). Poor fer-
t i l i t y res to ra t i on i n h y b r i d s i s o f t en associated w i t h
h i g h ergot suscep t ib i l i t y . Th i s w a s c lear ly re f lec ted
in ear l ie r s tud ies ( T h a k u r e t a l . 1989b, 1991), w h e r e
h y b r i d s w i t h p o o r se l fed seed set w e r e m o r e sus-
cep t ib le to ergot t h a n those w i t h g o o d seed set un-
der se l f ing .
0-10 11-20 21-30 31-40 41-50 >50
Ergot severity class
m o
80
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100
80
60
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F 2 populations (2)
F3 (90)
F4 (95)
F5 (85)
F7 (40)
BC 1 populations (2)
F2 (79)
F3 (115)
F 4 (102)
F6 (5)
Table 10. Fertility/sterility reaction of hybrids made by
crossing ergot-resistant progenies onto a male-sterile
line 81A, ICRISAT Center, 1987/88 postrainy season.
Cross
843B x ICMPES 29
843B x ICMPES 34
ICMPES 34 x (843B x 
ICMPES 34)
Pro-
genies
F 5
F 5
Number of hybr ids on
81A
Total
64
17
82
Sterile
51
13
58
Male-
ferti le
13
1
24
843B was ergot-suscept ib le; ICMPES 29 and ICMPES 34 were
ergot-resistant popu la t ions .
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Table 11. Floral characteristics and ergot severity of ergot-resistant A-lines and B-lines ( ICMPE 134-6-9, I C M P E
134-6-18) in different backcross generations, ICRISAT Center, rainy season 1985.
Floral
characteristics
1
Protogyny period (h)
3
SI to 75% SE (h)
SI to SW (h)
75% SE to A I (h)
FS(%) at A I (h)
Stigma length (1-3)
4
Selfed seed set (%)
5
Ergot severity (%)
ICMPE 134-6-9
BC5
2
A B 
63 50
35 35
115 80
28 15
96 91
2 2 
2 98
27 1 
BC6
A B 
55 50
29 38
115 93
26 12
91 87
2 2 
2 94
23 1 
ICMPE 134-6-18
B Q
A B 
61 48
36 29
114 81
28 19
91 89
2 2 
1 98
11 1 
B Q
A B 
65 50
36 28
119 88
29 22
95 92
2 2 
2 99
10 1 
BJ 104 
Control
106
28
120
78
4
3
1
96
Mean
61
33
103
29
82
2
44
19
SE
±2
±2
±3
±2
±1
-
±1
±2
1. Based on 10 inflorescences f r om 2 repl icat ions.
2. BC5 and BC6 A- l ines were p roduced by backcrossing I C M P E 134-6-9 and I C M P E 134-6-18 in to the cy top lasm of 81A.
3. P ro togyny pe r iod (h) = T ime between st igma in i t i a t i on (SI) and anthesis i n i t i a t i on (AI ) . SE = St igma emergence, SW = St igma
w i t h e r i n g , FS = >75% st igma emergence.
4. St igma leng th on a 1-3 scale where 1 = short s t igma and 3 = long s t igma.
5. Seed set was recorded on selfed panicles.
used as a con t ro l . N i n e ent r ies ( fou r A - l i nes , f ou r
B-l ines, a n d a con t ro l ) we re tested in t w o repl ica-
t i ons d u r i n g the 1985 r a i n y season at ICRISAT C e n -
ter. In each rep l i ca t i on , a t least f i ve panic les w h i c h
h a d been covered w i t h se l l i ng bags we re e x a m i n e d
for the above f l o ra l character is t ics. These entr ies
w e r e also eva lua ted fo r ergot resistance and sel fed
seed set.
T h e t w o BC 5 a n d B C 6 ergot- res is tant A - l i nes had
s ign i f i can t l y longer p r o t o g y n y pe r i ods (55 -65 h )
t h a n the i r respect ive B-l ines (48 -50 h). The con t ro l
h y b r i d BJ 104 had the longest p r o t o g y n y of 106 h 
(Table 11). T h e t i m e f r o m SI to 75% SE w a s r o u g h l y
s i m i l a r i n A - l i n e s a n d the i r respect ive B-l ines. The
SI to SW p e r i o d was cons ide rab l y longer in A - l i nes
a n d in BJ 104 t h a n in B-l ines; 75% SE to AI w a s
longer i n A - l i n e s t han i n B-l ines, and was longest i n
BJ 104. A t A I , the occur rence o f f resh s t i gmas on
i n d i v i d u a l pan ic les was ve ry l o w in BJ 104 (4%) and
v e r y h i g h i n A - l i n e s and B-l ines (87 -96%) . There
w a s n o v a r i a t i o n i n s t i gma l eng th , b u t A - and
B-l ines h a d shor te r s t i gmas than BJ 104. Ergot sever-
i t y w a s l owes t i n B-l ines (1%), s ign i f i can t l y h igher
in A - l i n e s (10 -27%) , and h ighest in BJ 104 (96%).
Sel fed seed set was s t rong l y nega t i ve l y cor re la ted
w i t h e rgo t sever i ty .
In a recent s t u d y ( T h a k u r et a l . 1991), s i gn i f i can t
pos i t i v e cor re la t ions w e r e f o u n d b e t w e e n p r o t o -
gyny , S E - A I p e r i o d , a n d e rgo t seve r i t y i n suscept-
ib le A- or B-l ines a n d the i r F 1 h y b r i d s , regard less o f
the suscep t i b i l i t y o r resistance o f p o l l i n a t o r s . T h i s
s t u d y also s h o w e d that s t i g mas w e r e l onge r i n sus-
cep t ib le A - l i nes and the i r h y b r i d s t h a n i n res is tant
A - l i nes and the i r h y b r i d s . These resu l ts c o n f i r m e d
the ear l ier f i n d i n g s on the ro le o f p o l l i n a t i o n a n d
f l o w e r i n g b i o l o g y i n ergot i n f e c t i o n ( T h a k u r a n d
W i l l i a m s 1980, W i l l i n g a l e et a l . 1986).
Agronomic traits of resistant B-lines
For t y - f i ve B-l ines [33 f r o m 843B x l C M P E S 29, 7 
f r o m 843B x 1CMPES 34, a n d 5 f r o m (843B x 
I C M P E S 34) x I C M P E S 34] w e r e e v a l u a t e d in s ing le -
r o w p lo ts of 4 m l e n g t h , rep l i ca ted three t imes at
ICRISAT Cente r d u r i n g the 1988 r a i n y season a n d
1988/89 p o s t r a i n y season. Based on g r a i n y i e l d ,
p l an t he igh t , t i m e t o 50% f l o w e r i n g , a n d a g r o n o m i c
scores, 13 B-l ines (Table 12) w e r e selected for f u r t h e r
eva lua t i on . Th is t r ia l was c o n d u c t e d i n 2 - r o w p lo t s
of 4 m l e n g t h , rep l i ca ted f o u r t imes at ICRISAT C e n -
ter a n d H i sa r d u r i n g the 1989 r a i n y season.
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Some o f the h i g h e s t - y i e l d i n g ergot - res is tant
B- l ines i n th i s t r i a l w e r e c o m p a r a b l e t o I C M B 841
( m a i n t a i n e r o f a c o m m e r c i a l ma le -s te r i le l i ne I C M A
841) i n g r a i n y i e l d a n d p l a n t he igh t , f l o w e r e d 2 - 3
d a y s ear l ier , a n d also h a d larger seed size t h a n
I C M B 841 (Table 12). Severa l of the p rogen ies de-
r i v e d f r o m the s ing le-cross, i n v o l v i n g I C M P E S 29 as
the ergot - res is tant d o n o r pa ren t , w e r e s u p e r i o r t o
the d o n o r pa ren t a lso i n t e r m s o f g r a i n y i e l d , ear l ie r
f l o w e r i n g , shor te r p l a n t he igh t , a n d larger seed
size. O n l y seven l ines h a d 1-6% ergo t seve r i t y a n d
these w e r e a l l f r o m s ing le-cross p o p u l a t i o n s . T h e
r e m a i n i n g s ix l ines h a d up t o 2 8 % ergo t sever i ty .
T h e suscep t ib le c o n t r o l ( I C M B 841) h a d 4 9 % e rgo t
sever i ty . E l even B- l ines h a d 2 to 7% d o w n y m i l d e w
inc idence , w h i c h w a s c o m p a r a b l e t o i n c i d e n c e i n
the d o n o r l ines a n d s i g n i f i c a n t l y less t h a n in 843B
(16%) a n d 81B (25%). Seven of the B- l ines h a d resis-
tance t o b o t h e rgo t a n d d o w n y m i l d e w .
T h e 13 e rgo t - res i s tan t B- l ines (Tab le 12) w e r e
a m o n g severa l t ha t w e r e u s e d f o r c o n v e r s i o n i n t o
ma le -s te r i l e l ines i n the 1 9 8 8 / 8 9 p o s t r a i n y season.
D u r i n g the cou rse o f th i s p r o g r a m , se l ec t i on w a s
c o n t i n u e d fo r a g r o n o m i c d e s i r a b i l i t y , s t a b i l i t y o f
m a l e - s t e r i l i t y m a i n t e n a n c e ab i l i t y , a n d res is tance
t o e rgo t a n d d o w n y m i l d e w . T h r e e m a l e - s t e r i l e
l ines tha t w e r e i d e n t i f i e d i n the 1 9 8 9 / 9 0 p o s t r a i n y
season f o r p r o d u c i n g h y b r i d s w e r e la te r n a m e d a s
I C M A 91113 ( m a i n t a i n e r l i n e E R B L 4) , I C M A 91114
( m a i n t a i n e r l i ne E R B L 11), a n d I C M A 91115
Table 12. Agronomic traits and disease reaction in ergot-resistant B-lines (ERBL), 1989 rainy season.
B-lines
1
ERBL 1 
ERBL 2 
ERBL 3 
ERBL 4 
ERBL 5 
ERBL 6 
ERBL 7 
ERBL 8 
ERBL 9 
ERBL 10
ERBL 11
ERBL 12
ERBL 13
Controls
ICMPES 29
ICMPES 34
ICMB 841
SE
Mean
Grain
yie ld
(t ha
- 1
)
2
1.13
1.58
1.20
1.83
1.71
1.46
1.49
1.36
1.66
1.25
1.54
1.39
1.04
1.43
1.75
1.63
±0.133
1.47
Time
to 50%
f lower ing (d)
2
50
49
52
49
50
50
50
49
52
55
56
49
56
62
59
52
±0.49
52
150
163
170
153
168
172
162
152
164
145
162
149
140
208
211
162
± 4.4
164.0
1000-
seed
mass (g)
3
10.5
10.9
7.1
8.6
8.0
7.6
8.7
9.3
9.1
5.4
8.7
8.7
7.2
7.8
6.3
6.5
±0.61
8.1
Ergot
severity
( % )
4
6
6
2
28
14
15
1
1
4
27
1
14
11
1
1
49
±1.7
11.0
D o w n y mi ldew
incidence
( % )
5
4
7
2
5
5
3
7
2
7
12
4
3
21
5
10
-
1. ERBL 1-9: progenies f r o m (843B x ICMPES 29)-23. ERBL 10-11: progenies f r o m (843B x ICMPES 34)-56. ERBL 12-13: progenies f r o m
[ l C M P E S 34 x (843B x ICMPES 34)]
2 . M e a n o f t w o locat ions: ICRISAT Center and Hisar.
3. Data f r o m ICRISAT Center.
4 . Measured in the ergot nursery a t ICRISAT Center f r o m 10 inocu la ted p lants in each of t w o repl icat ions.
5. Data f r o m seed l ing inocu la t i on in greenhouse at ICRISAT Center. Con t ro ls 843B a n d 81B showed 16 a n d 25% inc idence respect ively.
Plant
height
(cm)
2
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( m a i n t a i n e r l i ne E R B L 12). Fou r o ther m a i n t a i n e r s
(ERBLs 1 , 2 , 8 , a n d 10) w e r e a d v a n c e d to the B C 9
g e n e r a t i o n . O n e o f the male-s te r i le l ines, I C M A
91115 (shor t a n d e a r l y - m a t u r i n g ) , w a s c o n t r i b u t e d
as I C M A 92666 to the 1992 A I C P M I P t r i a l f o r f u r -
ther e v a l u a t i o n a n d u t i l i z a t i o n .
H y b r i d s o f resistant A- l ines
F i ve ergot - res is tant l ines a n d f o u r e rgo t -suscept ib le
p o l l i n a t o r s w e r e each crossed o n t o three ergot- res is-
tan t A - l i n e s , I C M A s 91113, 91114, a n d 91115. T h e 27
h y b r i d s a l o n g w i t h three c o n t r o l s — t w o c o m m e r c i a l
h y b r i d s ( I C M H 423 a n d I C M H 451) a n d one c o m -
merc i a l o p e n - p o l l i n a t e d v a r i e t y ( I C M V 155)—were
e v a l u a t e d fo r g r a i n y i e l d a n d o ther a g r o n o m i c
t ra i ts . T h e t r i a l w a s c o n d u c t e d i n s i n g l e - r o w p lo ts o f
4 m, rep l i ca ted three t imes at 1CRISAT Cente r d u r i n g
the 1990 a n d 1991 r a i n y seasons.
H y b r i d s w e r e c lassi f ied as b e l o n g i n g to g r o u p 1 
( res is tant po l l i na to r s ) o r g r o u p 2 (suscept ib le p o l -
l i na to rs ) . Cons ide rab le v a r i a t i o n w a s obse rved i n
a g r o n o m i c a t t r i bu tes a n d ergo t seve r i t y (Table 13).
Seve r i t y r a n g e d f r o m 8 to 87% ( m e a n 66%) in g r o u p
1 h y b r i d s , a n d b e t w e e n 56 a n d 97% ( m e a n 79%) in
g r o u p 2 h y b r i d s . E rgo t seve r i t y w a s 9 0 - 9 2 % in the
t w o c o n t r o l h y b r i d s ( I C M H 423 a n d I C M H 451),
a n d 69% i n the c o n t r o l o p e n - p o l l i n a t e d v a r i e t y
I C M V 155. T h u s , severa l o f t he g r o u p 1 h y b r i d s
w e r e as suscept ib le as those in g r o u p 2 , a n d severa l
o thers w e r e m o r e suscep t ib le t h a n o p e n - p o l l i n a t e d
var ie t ies . H o w e v e r , t w o h y b r i d s f r o m g r o u p 1 ( E R H
4 a n d E R H 6), b o t h i n v o l v i n g I C M P E S 2 as the p o l -
l i na to r pa ren t , h a d o n l y 8 % a n d 2 0 % ergo t s e v e r i t y
Several h y b r i d s h a d g r a i n y i e l d s e q u a l t o o r m o r e
t h a n the h i g h e s t - y i e l d i n g c o m m e r c i a l h y b r i d
( I C M H 423). I n c o m p a r i s o n w i t h I C M H 423, m o s t o f
the h y b r i d s based on ergot - res is tant m a l e - s t e r i l e
l ines h a d s im i l a r p l a n t he igh t a n d t i m e t o 5 0 % f l o w -
e r i n g (some t ook 2 -3 days less); s ix h y b r i d s h a d 1 1 -
17% m o r e g r a i n y i e l d t h a n I C M H 423, a n d 1 5 h a d
larger seed mass. A l l these h y b r i d s , h o w e v e r , w e r e
e i ther po l len -s te r i l e o r shed p o o r p o l l e n ( K . N . Ra i
a n d R.P. T h a k u r , u n p u b l i s h e d da ta) .
Based on a g r o n o m i c scores, g r a i n y i e l d , a n d e r -
go t sever i ty , three o f these h y b r i d s I C M H s 91202,
91203, a n d 91204 (equ iva len t to E R H s 6, 12, a n d 14,
respec t i ve ly ) , w e r e selected fo r e v a l u a t i o n i n the
ICRISAT A d v a n c e d H y b r i d t r i a l i n the 1991 r a i n y
season, w h e r e the i r y i e l d p o t e n t i a l w a s assessed i n
three e n v i r o n m e n t s . T h e h i g h e s t - y i e l d i n g h y b r i d ,
( I C M H 91203, w h e r e b o t h paren ts w e r e res is tant )
h a d 70% ergot seve r i t y i n the e rgo t nursery , a n d
Table 13. Performance of hybrids based on three ergot-resistant male-sterile lines, ICRISAT Center, rainy season
(mean of 1990 and 1991).
H y b r i d Pedigree
Hyb r i ds made f r o m ergot-resistant po l len parents
ERH 1 I C M A 91113 x ICMPES 1 
ERH 4 I C M A 91113 x ICMPES 2 
ERH 7 I C M A 91113 x ICMPES 33
ERH 10 I C M A 91113 x ICMPE 1-1-4-4-2-1
ERH 13 I C M A 91113 x ICMPE 2-2-2-1-4-2
ERH 2 I C M A 91114 x ICMPES 1 
ERH 5 I C M A 91114 x ICMPES 2 
ERH 8 I C M A 91114 x ICMPES 33
ERH 11 I C M A 91114 x ICMPE 1-1-4-4-2-1
ERH 14 I C M A 91114 x ICMPE 2-2-2-1-4-2
ERH 3 I C M A 91115 x ICMPES 1 
ERH 6 I C M A 91115 x ICMPES 2 
Grain
yield
(t ha
-1
)
3.23
3.16
3.18
3.14
3.47
3.63
3.48
3.28
3.54
3.00
2.97
3.38
Time
to 50%
flowering
(d)
44
46
43
44
47
47
47
48
48
50
44
46
Plant
height
(cm)
186
186
174
184
188
175
186
190
193
188
173
183
1000-
seed
mass
(g)
8.5
8.0
9.8
8.8
9.2
8.3
8.2
10.6
8.2
8.0
8.3
9.1
Ergot
severity
(%)
86
8
72
84
70
87
45
70
80
79
77
20
Continued...
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y i e l d e d 15% less t h a n the h i g h e s t - y i e l d i n g c o n t r o l
h y b r i d I C M H 88088, b u t w a s o n pa r w i t h a c o m -
m e r c i a l h y b r i d , Pusa 23 (Table 14). I C M H 91202,
w h i c h h a d o n l y 2 0 % e rgo t sever i ty , y i e l d e d 19% less
t h a n I C M H 88088. T h e three h y b r i d s tes ted, h o w -
ever, h a d h i g h p o l l e n s te r i l i t y a n d / o r p o o r p o l l e n
s h e d d i n g w h i c h w o u l d have increased the i r suscep-
t i b i l i t y t o ergot .
B r e e d i n g resistant o p e n - p o l l i n a t e d
var ie t ies
O p e n - p o l l i n a t e d va r ie t ies are gene ra l l y less suscep-
t i b l e t h a n h y b r i d s t o e rgo t u n d e r n a t u r a l d isease
pressure ; u n d e r a r t i f i c i a l i n o c u l a t i o n they can s h o w
e q u a l suscep t ib i l i t y . E f fo r t s w e r e m a d e t o b reed
o p e n - p o l l i n a t e d var ie t ies u s i n g ergot - res is tant l ines.
T w e l v e ergot - res is tant l ines w e r e used t o m a k e
th ree syn the t i cs ( ICMSs 8031, 8032, a n d 8034).
These w e r e e v a l u a t e d d u r i n g the 1980 r a i n y season
fo r e rgo t resistance in the ergot n u r s e r y a t ICRISAT
Center , a n d fo r g r a i n y i e l d in a r ep l i ca ted t r i a l a t
three loca t ions ( l o w a n d h i g h f e r t i l i t y a t ICRISAT
Center , a n d h i g h f e r t i l i t y a t Bhavan isagar ) .
Y ie lds o f the syn the t i c va r ie t ies w e r e c o m p a r a b l e
to those o f a p o p u l a r o p e n - p o l l i n a t e d c o m m e r c i a l
v a r i e t y (WC-C75 ) a n d a h y b r i d (BJ 104). E rgo t se-
v e r i t y was 12-15% in the syn the t i c va r ie t ies , as c o m -
p a r e d to 2 4 % in W C - C 7 5 a n d 54% in BJ 104. G r a i n
y i e l d s w e r e 2.03 t h a
1
 i n I C M S 8034, 1.92 t h a
1
 i n
W C - C 7 5 , a n d 1.84 t h a
1
 in BJ 104. T h e s y n t h e t i c
var ie t ies w e r e n o t e v a l u a t e d a n d i m p r o v e d f u r t h e r
because o f a decreased e m p h a s i s on s y n t h e t i c
b r e e d i n g at ICRISAT Center .
D u r i n g the 1985 s u m m e r , a n e rgo t - res is tan t c o m -
pos i te (ERC) w a s c o n s t i t u t e d by r a n d o m - m a t i n g 52
ICMPES p o p u l a t i o n s at Bhavan isagar . A second r a n -
d o m - m a t i n g w a s d o n e d u r i n g the 1985 r a i n y season
at ICRISAT Center . H a l f - s i b p rogen ies (829) w e r e
screened f o r e rgo t res is tance d u r i n g the 1986 r a i n y
season. Sel fed seeds o f 695 p l a n t s se lected f r o m
Table 13. Continued. 
H y b r i d Pedigree
ERH 9 I C M A 91115 x ICMPES 33
ERH 12 I C M A 91115 x ICMPE 1-1-4-4-2-1
ERH 15 I C M A 91115 x ICMPE 2-2-2-1-4-2
Hybrids made from ergot-susceptible pollen parents
ERH 16* I C M A 91113 x LCSN 71-2-1-1
ERH 19 I C M A 91113 x (NEP 7-5603 x BJ 104 ST)-1-2-M
ERH 22* I C M A 91113 x (B 282 x J 104)-12-B-B-B-B
ERH 25* I C M A 91113 x H 77/833-2
ERH 17 I C M A 91114 x LCSN 71-2-1-1
ERH 20 I C M A 91114 x (NEP 7-5603 x J 104 ST)-1-2-1-1
ERH 23* I C M A 91114 x (B 282 x J104)-12-B-B-B-B
ERH 26 I C M A 91114 x H 77/833-2
ERH 18* I C M A 91115 x LCSN 71-2-1-1
ERH 21 I C M A 91115 x (NEP 7-5603 x J 104 ST)-1-2-1-1
ERH 24* I C M A 91115 x (B 282 x J 104)-12-B-B-B-B
ERH 27* I C M A 91115 x H 77/833-2
Controls
I C M H 423
I C M H 451
1CMV 155 (Open-pol l inated variety)
SE
Grain
yield
(t ha
-1
)
2.87
3.26
3.12
3.23
3.10
3.23
2.43
3.65
3.38
3.21
3.46
3.30
2.79
3.27
2.90
3.11
2.94
3.17
±0.167
Time
to 50%
flowering
(d)
43
46
46
43
43
42
40
47
46
45
43
43
44
43
40
45
48
46
±0.3
Plant
height
(cm)
167
183
183
178
160
163
141
178
168
150
148
165
162
146
138
160
171
178
± 3.7
1000-
seed
mass
(g)
10.1
9.2
9.6
10.2
9.9
9.4
7.9
10.0
11.8
8.9
7.5
11.3
12.5
9.8
8.2
8.4
9.0
9.7
±0.2
Ergot
severity
(%)
79
70
68
56
85
94
71
67
85
97
94
57
90
95
58
92
90
69
-
* = Fert i le; a l l the r ema in i ng are ster i le hybr ids .
F u n c t i o n a l f ield resistance to ergot
T h e resu l ts desc r ibed in th is b u l l e t i n p r o v i d e a 
f a i r l y c o m p l e t e account o f the d i f f i cu l t i es a n d the
progress m a d e i n b r e e d i n g ergot - res is tant h y b r i d s
a n d o p e n - p o l l i n a t e d var ie t ies . We real ize that y i e l d
po ten t i a l s o f these h y b r i d s a n d var ie t ies w i l l be
l o w e r t h a n those o f the bes t - y i e l d i ng h y b r i d s a n d
Figure 7. Ergot resistance in half-sib and S1 progenies of
an Ergot-Resistant Composite (ERC), lCRlSAT Center, 
1986 and 1987 rainy seasons. Number of progenies shown 
in parentheses. 
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392 ha l f -s ibs w i t h <10% sever i t y p r o d u c e d S 1 p r o -
genies that w e r e eva lua ted for ergot reac t ion a n d
g r a i n y i e l d d u r i n g the 1986 pos t ra i ny season a t
ICRISAT Center . U s i n g the r e m n a n t seed, 225 of the
selected S-, p rogen ies we re re -eva lua ted for g r a i n
y i e l d a t three loca t ions (ICRISAT Center , B h a v a n i -
sagar, a n d G w a l i o r ) d u r i n g the 1987 r a i n y season.
T h e resul ts o f the three t r ia ls d u r i n g 1986 a n d
1987 s h o w e d a s ign i f i can t se lec t ion response fo r er-
go t resistance. O n l y 39% o f the ha l f -s ib p rogen ies
s h o w e d 0 - 5 % ergot s e v e r i t y whereas 53% a n d 82%
of the S 1 p rogen ies ( f r o m the t w o sets) s h o w e d 0-
5% ergot sever i t y (F ig . 7).
A l t h o u g h the ERC s h o w e d cons iderab le ergot re-
s istance, i t w a s re la t i ve l y late to f lower . I m p r o v e -
m e n t s fo r g r a i n y i e l d a n d ear l iness we re no t
a t t e m p t e d : research on ERC w a s d i s c o n t i n u e d d u e
to a decreased emphas i s on b r e e d i n g fo r e rgot resis-
tance. H o w e v e r , ERC CO-bu lk is be ing used at ICRI-
SAT Cen te r as a source ma te r i a l in crosses to f o r m a 
Late C o m p o s i t e .
open-po l l i na ted var iet ies. U n d e r h i g h ergot pressure,
however , these h y b r i d s m i g h t w e l l have advantages
Table 14. Mean performance
1
 of three hybrids based on ergot-resistant male-sterile lines and pollinators, 1991 rainy
season.
Hybr id
I C M H 91202
I C M H 91203
I C M H 91204
Controls
I C M H 88088
I C M H 451
Pusa 23
SE
(n = 18)
Parentage
Female
I C M A 91115
I C M A 91115
I C M A 91114
81A
81A
841A
Male
ICMPES 2 
ICMPE 1-1-4-4-2-1
ICMPE 2-2-2-1-4-2
ICMR 88088
ICSN 72-1-1-2-1
D-23
Grain
yield
(t ha
-1
)
3.04
3.19
2.57
3.77
3.45
3.00
±0.120
Time to
50%
flowering
(d)
48
47
52
47
49
45
±0.3
Plant
height
(cm)
204
205
212
1 95
209
187
± 2.7
Ergot
severity
( % )
20
70
79
90
1. Mean of three env i ronments : ICRISAT Center h igh and l o w fert i l i ty , and Hisar.
- = Data not avai lable.
0-5 6-10 11-20 21-30 >30
Ergot severity class
100
80
GO
40
20
0
Half-sibs (829)
S1 (695)
S1 (225, re-evaluated)
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o v e r c u l t i v a r s tha t have no e rgo t resistance. H e r e
we a rgue tha t a leve l o f 20% ergo t seve r i t y u n d e r
a r t i f i c i a l i n o c u l a t i o n i s acceptable, based on the fact
t ha t pea r l m i l l e t cu l t i va r s w h i c h s h o w e d 10 -30%
ergo t seve r i t y u n d e r a r t i f i c i a l i n o c u l a t i o n r e m a i n e d
h i g h l y res is tant (<2% ergot sever i t y ) u n d e r h i g h
disease pressure in the f i e l d ( T h a k u r e t a l . 1989a).
We env isage, there fore , tha t in the absence o f ma-
j o r resistance gene(s) fo r e rgo t a n d i n v i e w o f the
d i f f i cu l t i es o f b r e e d i n g h y b r i d s w i t h h i g h leve ls o f
e rgo t resistance, h y b r i d s w i t h f u n c t i o n a l f i e l d resis-
tance (20 -30% e rgo t seve r i t y u n d e r a r t i f i c i a l i noc -
u l a t i o n ) , a n d reasonable g r a i n a n d fo rage y i e l ds ,
c o u l d be p r o d u c e d . F u t u r e research i n th is area, i f
any , s h o u l d focus on inc reas ing the leve l o f e rgo t
resistance, i m p r o v i n g f e r t i l i t y r es to ra t i on o f e rgo t -
res is tant p o l l i n a t o r s , r e d u c i n g the m a t u r i t y p e r i o d s ,
a n d i m p r o v i n g g r a i n y i e l d p o t e n t i a l o f h y b r i d s a n d
o p e n - p o l l i n a t e d var ie t ies a n d h y b r i d s (espec ia l ly
topcross h y b r i d s ) .
C o n c l u s i o n s
S o o n af ter the i n t r o d u c t i o n o f cms-based s ing le -
cross h y b r i d s i n 1965, e rgo t disease o f pea r l m i l l e t
b e g a n to cause s ign i f i can t economic losses i n I n d i a .
W i t h a f e w repo r t s o f h e a v y e rgo t i nc idence , espe-
c i a l l y i n h y b r i d c u l t i v a r s , there w a s conce rn a b o u t
the p o t e n t i a l l y se r ious i m p a c t o n pea r l m i l l e t p r o -
d u c t i o n . T h i s l e d t o cons ide rab le research o n th i s
disease at ICRISAT Cen te r af ter 1976. Subs tan t ia l in-
f o r m a t i o n w a s genera ted o n v a r i o u s aspects o f d i s -
ease m a n a g e m e n t , i n c l u d i n g i d e n t i f i c a t i o n a n d
u t i l i z a t i o n o f e rgo t resistance.
F r o m the ear l y 1980s o n w a r d s , h o w e v e r , the d i s -
ease appea red n o t t o increase i n seve r i t y o r scale i n
f a r m e r s ' f i e lds i n I n d i a , a n d y i e l d losses w e r e n o t
s ign i f i can t . F u r t h e r m o r e , there w a s s t r o n g ev idence
tha t a d d i t i o n a l research o n genet ic i m p r o v e m e n t
f o r e rgo t res istance w o u l d n o t p r o v i d e c o m m e n s u -
ra te o u t p u t s , s ince b r e e d i n g ma te r i a l s d e v e l o p e d
t h r o u g h s u c h research w o u l d n o t b e su f f i c i en t l y
c o m p e t i t i v e f o r g r a i n y i e l d .
T h e ergot - res is tant l ines a n d p o p u l a t i o n s de-
r i v e d f r o m suscept ib le g e r m p l a s m sources as de-
sc r i bed i n th i s b u l l e t i n , are p r o b a b l y the best
sources o f res istance t o e rgo t i n pea r l m i l l e t a v a i l -
ab le s o far a n y w h e r e i n the w o r l d . Fur the r , m a n y
ergot - res is tance sources are also res is tant to d o w n y
m i l d e w , s m u t , a n d rus t , the o the r m a j o r diseases o f
pea r l m i l l e t . T h e c o m p l e x n a t u r e o f e rgo t res is tance,
the a v a i l a b i l i t y o f resistance sources i n r e l a t i v e l y
n a r r o w a n d p o o r a g r o n o m i c b a c k g r o u n d s , a n d a 
p e r c e p t i o n o f e rgo t as b e i n g less i m p o r t a n t t h a n
d o w n y m i l d e w l e d t o a subs tan t i a l r e d u c t i o n i n
b r e e d i n g e f for ts on the u t i l i z a t i o n o f res istance. Re-
su l ts , h o w e v e r , i n d i c a t e tha t e rgo t res is tance
sources can be u t i l i z e d to b reed res is tant c u l t i v a r s
s h o u l d the disease become e c o n o m i c a l l y i m p o r t a n t
i n f u t u r e . T h i s , h o w e v e r , w i l l r equ i r e m o r e research
ef for ts t h a n in the past . E rgo t - res is tan t c u l t i v a r s so
d e v e l o p e d w i l l have speci f ic advan tages o v e r o t h e r
c u l t i v a r s i n areas w h e r e e rgo t occurs f requen t l y .
H o s t - p l a n t res istance c o m b i n e d w i t h o t h e r m a n a g e -
m e n t prac t ices s u c h as p o l l e n m a n a g e m e n t ( T h a k u r
e t a l . 1983a) a n d b i o l og i ca l c o n t r o l (Rao a n d T h a k u r
1988), can be used to reduce the menace o f e rgo t in
pea r l m i l l e t . T h e sources o f m u l t i p l e d isease resis-
tance can be u t i l i z e d to b reed topcross h y b r i d s a n d
o p e n - p o l l i n a t e d var ie t ies to p r o v i d e res is tance to
o the r m a j o r diseases such a s d o w n y m i l d e w , s m u t ,
a n d rus t , tha t af fect pea r l m i l l e t .
A c k n o w l e d g e m e n t s
We w o u l d l i ke to t hank : the Gene t i c Resources P ro -
g r a m a n d Pear l M i l l e t B r e e d i n g U n i t a t ICRISAT
Center , a n d A ICPMIP, fo r p r o v i d i n g seeds o f d i v e r s e
g e r m p l a s m accessions a n d b r e e d i n g ma te r i a l s f o r
e rgo t sc reen ing ; R.J. W i l l i a m s , D.J. A n d r e w s , K . A n -
a n d K u m a r , B.S. Ta lukda r , S.B. C h a v a n , a n d P h e r u
S i n g h fo r the i r in terest i n a n d c o n t r i b u t i o n s t o e rgo t
resistance b r e e d i n g ; A .S . Rao, A . G . Bhasker Raj , a n d
A . M . Rao f o r the i r h e l p i n f i e l d e x p e r i m e n t s ; S.S.
C h a h a l , H.S. Shetty, S.B. M a t h u r , N .B . Pawar , S.
N a f a d e , G . S i n g h , a n d S.G. Bangar , o u r co l l abo ra -
to rs f o r m u l t i l o c a t i o n a l t es t i ng ; C.T. H a s h fo r h is
r e v i e w a n d u s e f u l c o m m e n t s o n the m a n u s c r i p t ;
a n d V . R a v i n d r a n a t h R e d d y fo r h i s t y p i n g assis-
tance.
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Appendix 1. Identity and pedigree of ergot-resistant pearl millet lines and populations (ICMER) developed at ICRISAT
Center.
ICMER
no.
001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
025
026
027
028
029
030
031
032
033
034
035
036
038
039
040
041
042
043
044
045
Ident i ty
ICMPE 13-4-38
ICMPE 13-6-17
ICMPE 13-6-1-3
ICMPE 13-6-2-2
ICMPE 13-6-3-2
ICMPE 13-6-12-1
ICMPE 13-6-22-1
ICMPE 13-6-27-5
ICMPE 13-6-27-7
ICMPE 73-4-2
ICMPE 73-4-13
ICMPE 82-5
ICMPE 82-5-6
ICMPE 82-5-5
ICMPE 134-6-30
ICMPE 140-1-34
ICMPE 140-2-4
ICMPE 140-6-10
ICMPE 140-6-19
ICMPE 140-6-29
ICMPE 140-6-33
ICMPE 140-6-8-2
ICMPE 247-2-7
ICMPE 261-2-5
ICMPE 134-6-6
ICMPE 134-6-9
ICMPE 134-6-10
ICMPE 134-6-11
ICMPE 134-6-25
ICMPE 134-6-31
ICMPE 134-6-34
ICMPE 134-6-38
ICMPE 134-6-40
ICMPE 134-6-41
ICMPE 13-4-29
ICMPE 13-6-13
ICMPE 13-6-24
ICMPE 13-6-27
ICMPE 13-6-23
ICMPE 13-6-30
ICMPE 13-6-33
ICMPE 13-6-29-1
ICMPE 247-8-5
Pedigree
(J 606-2 x J 703-1)-4-4-5-4-38
(J 606-2 x J 703-1)-4-4-5-6-17
(J 606-2 x J 703-1)-4-4-5-6-1-3
(J 606-2 x ) 703-1)-4-4-5-6-2-2
(J 606-2 x J 703-1)-4-4-5-6-3-2
(J 606-2 x J 703-1)-4-4-5-6-12-1
(J 606-2 x J 703-1)-4-4-5-6-22-1
(J 606-2 x J 703-1)-4-4-5-6-27-5
(J 606-2 x J 703-1)-4-4-5-6-27-7
(J 606-2 x J 703-1)-6-1-1-11-4-2
(J 606-2 x J 703-1)-6-M-11-4-13
(J 606-2 x J 703-1)-6-2-10-3-5
(J 606-2 x J 703-1)-6-2-10-3-5-6
(J 606-2 x J 703-1)-6-2-10-3-5-5
(J 2238 x J 2210-2)-3-3-4-6-30
(J 2238 x J 2210-2)-3-3-10-1-34
(J 2238 x J 2210-2)-3-3-10-2-4
(J 2238 x J 2210-2)-3-3-10-6-10
(J 2238 x J 2210-2)-3-3-10-6-19
(J 2238 x J 2210-2)-3-3-10-6-29
(J 2238 x J 2210-2)-3-3-10-6-33
(J 2238 x J 2210-2)-3-3-10-6-8-2
(J 2238 x J 2210-2)-3-3-2-6-2-7
(J 2238 x J 2210-2)-3-3-5-8-2-5
(J 2238 x J 2210-2)-3-3-4-6-6
(J 2238 x J 2210-2)-3-3-4-6-9
(J 2238 x J 2210-2)-3-3-4-6-10
(J 2238 x J 2210-2)-3-3-4-6-11
(J 2238 x J 2210-2)-3-3-4-6-25
(J 2238 x J 2210-2)-3-3-4-6-31
(J 2238 x J 2210-2)-3-3-4-6-34
(J 2238 x J 2210-2)-3-3-4-6-38
(J 2238 x J 2210-2)-3-3-4-6-40
(J 2238 x J 2210-2)-3-3-4-6-41
(J 606-2 x J 703-1)-4-4-5-4-29
(J 606-2 x J 703-1)-4-4-5-6-13
(J 606-2 x J 703-1)-4-4-5-6-24
(J 606-2 x J 703-1)-4-4-5-6-27
(J 606-2 x J 703-1)-4-4-5-6-23
(J 606-2 x J 703-1)-4-4-5-6-30
(J 606-2 x J 703-1)-4-4-5-6-33
(J 606-2 x J 703-1)-4-4-5-6-29-1
(J 2238 x J 2210-2)-3-3-2-6-8-5
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ICMER
no.
046
047
048
049
050
051
052
055
056
057
058
059
060
061
063
064
065
066
067
068
069
070
072
073
074
075
076
077
078
079
080
081
082
083
084
085
086
087
088
089
090
091
092
093
095
Ident i ty
ICMPE 247-16-2
ICMPE 247-2-3
ICMPE 247-6-2
ICMPE 248-10-1
ICMPE 248-10-2
ICMPE 262-4-1
ICMPE 262-4-9
ICMPE 34-1-1
ICMPE 34-1-3
ICMPE 34-1-4
ICMPE 34-1-6
ICMPE 34-1-10
ICMPE 34-2-12
ICMPE 34-2-16
ICMPE 34-3-9
ICMPE 445-485
ICMPES 1 
ICMPES 2 
ICMPES 4 
ICMPES 5 
ICMPES 6 
ICMPES 7 
ICMPES 9 
ICMPES 10
ICMPES 11
ICMPES 12
ICMPES 13
ICMPES 14
ICMPES 15
ICMPES 16
ICMPES 17
ICMPES 18
ICMPES 19
ICMPES 20
ICMPES 21
ICMPES 22
ICMPES 23
ICMPES 24
ICMPES 25
ICMPES 26
ICMPES 27
ICMPES 28
ICMPES 29
ICMPES 30
ICMPES 32
Pedigree
(J 2238 x J 2210-2)-3-3-2-6-16-2
(J 2238 x J 2210-2)-3-3-2-6-2-3
(J 2238 x J 2210-2)-3-3-2-6-6-2
(J 2238 x J 2210-2)-3-3-2-7-10-l
(J 2238 x J 2210-2)-3-3-2-7-10-2
(J 2238 x J 2210-2)-3-3-5-9-4-1
(J 2238 x J 2210-2)-3-3-5-9-4-9
(700590 x 3 /4 Ex Bornu 77-2-1)-2-7-1-1-1
(700590 x 3 / 4 Ex Bornu 77-2-1)-2-7-1-1-3
(700590 x 3 / 4 Ex Bornu 77-2-1)-2-7-1-1-4
(700590 x 3 /4 Ex Bornu 77-2-1)-2-7-l-l-6
(700590 x 3 /4 Ex Bornu 77-2-1)-2-7-1-1-10
(700590 x 3 /4 Ex Bornu 77-2-1)-2-7-1-2-12
(700590 x 3 /4 Ex Bornu 77-2-1)-2-7-1-2-16
(700590 x 3 /4 Ex Bornu 77-2-1)-2-7-1-3-9
(J 2238 x J 2210-2)-3-3
(J 606-2 x J 703-1)-4-4-5-6
(J 2238 x J 2210-2)-3-3-4-6
(J 606-2 x J 703-1)-4-4-5-6
(J 2238 x J 2210-2)-3-3-4-6
(700708-1-E-1 x J 797-1-E-1-2)-1-2
(700708-1-E-1 x J 797-1-E-1-2)-1-2
(700708-1-E-1 x J 797-1-E-1-2)-1-2
(700708-1-E-l x J 797-1-E-1-2)-1-2
(700708-1-E-1 x J 797-1-E-1-2)-1-3
(700708-1-E-1 x J 797-1-E-1-2)-1-3
(700708-1-E-1 x J 797-1-E-1-2)-1-3
(700708-1-E-1 x J 797-1-E-1-2)-1-3
(700708-1-E-1 x J 797-1-E-1-2)-1-3
(700708-1-E-1 x J 797-1-E-1-2)-1-3
(700708-1-E-l x J 797-1-E-1-2)-1-3
(700708-1-E-l x J 797-1-E-1-2)-1-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4
(700708-1-E-l x J 797-1-E-1-2)-1-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4
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ICMER
no.
096
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
Ident i ty
ICMPES 40
ICMPES 33
ICMPES 34
ICMPES 35
ICMPES 36
ICMPES 37
ICMPES 38
ICMPES 39
ICMPES 41
ICMPES 42
ICMPES 43
ICMPES 44
ICMPES 45
ICMPES 46
ICMPES 47
ICMPES 48
ICMPES 49
ICMPES 50
ICMPES 51
ICMPES 52
ICMPES 53
ICMPE 1-1-4-4-2-1
ICMPE 1-1-4-4-3-1
ICMPE 1-1-4-4-5-3
ICMPE 1-1-9-1-1-4
ICMPE 1-5-8-3-3-1
ICMPE 1-8-1-5-4-2
ICMPE 1-8-2-2-1-2
ICMPE 1-10-3-2-1-3
ICMPE 1-22-5-6-4-1
ICMPE 1-22-5-6-4-2
ICMPE 2-2-2-1-4-2
ICMPE 2-6-1-5-4-1
ICMPE 2-10-6-2-5-3
Pedigree
(700708-1-E-1 x J 797-1-E-1-2)-1-4
[(J 606-2 x J 703-1)-4-4-5-6 x (700619 x 700599)-3-2-11-5]
[(J 2238 x J 2210-2)-3-3-4-6 x (700619 x 700599)-3-2-11-51
[(J 2238 x J 2210-2)-3-3-10-7 x (700619 x 700599)-3-2-11-5]
[(J 606-2 x J 703-1)-4-4-5-6 x (J 2238 x J 2210-2)-3-3-4-6]
[(700619 x 700599)-3-2-11-5 x (J 2238 x ] 2210-2)-3-3-4-6]
[(700619 x 700599)-3-2-11-5 x (J 606-2 x J 703-1)-4-4-5-6]
[(700619 x 700599)-3-2-11-2 x (J 2238 x J 2210-2)-3-3-10-7]
[(J 2238 x J 2210-2)-3-3-10-7 x (700619 x 700599)-3-2-11-2]
[(700619 x 700599)-3-2-11-5 x (J 2238 x J 2210-2)-3-3-4-6]
[(700619 x 700599)-3-2-11-5 x (J 2238 x J 2210-2)-3-3-4-6]
[(700619 x 700599)-3-2-11-5 x (J 2238 x J 2210-2)-3-3-4-6]
[(700619 x 700599)-3-2-11-5 x (J 2238 x J 2210-2)-3-3-4-6]
[(700619 x 700599)-3-2-ll-5 x (J 2238 x J 2210-2)-3-3-4-6]
[(700619 x 700599)-3-2-11-5 x (J 2238 x J 2210-2)-3-3-4-6]
[(700619 x 700599)-3-2-11-5 x (J 2238 x J 2210-2)-3-3-4-6]
[(700619 x 700599)-3-2-11-5 x (J 2238 x J 2210-2)-3-3-4-6)
[(700619 x 700599)-3-2-11-5 x (J 2238 x J 2210-2)-3-3-4-6]
[(700619 x 700599)-3-2-11-5 x (J 2238 x J 2210-2)-3-3-4-6]
[(700619 x 700599)-3-2-11-5 x (J 2238 x J 2210-2)-3-3-4-6]
[(700619 x 700599)-3-2-11-5 x (J 2238 x J 2210-2)-3-3-4-6]
[(]606-2 x J 703-1)-4-4-5-6 x 
(700619 x 700599)-3-2-11-5]-1-4-4-2-1
[(J 606-2 x J 703-1)-4-4-5-6 x 
(700619 x 700599)-3-2-11-51-1-1-4-4-3-1
[(J 606-2 x J 703-1)-4-4-5-6 x 
(700619 x 700599)-3-2-11-5]-1-4-4-5-3
[(J 606-2 x J 703-1)-4-4-5-6 x 
(700619 x 700599)-3-2-11-5]-1-9-)-1-4
[(J 606-2 x J 703-1)-4-4-5-6 x 
(700619 x 700599)-3-2-11-51-5-8-3-3-1
[(J 606-2 x J 703-1)-4-4-5-6 x 
(700619 x 700599)-3-2-11-51-8-1-5-4-2
[(J 606-2 x J 703-1)-4-4-5-6 x 
(700619 x 700599)-3-2-11-5]-8-2-2-1-2
[(J 606-2 x J 703-1)-4-4-5-6 x 
(700619 x 700599)-3-2-11-51-10-3-2-1-3
[(J 606-2 x J 703-1)-4-4-5-6 x 
(700619 x 700599)-3-2-11-51-22-5-6-4-1
[(J 606-2 x J 703-1)-4-4-5-6 x 
(700619 x 700599)-3-2-11-51-22-5-6-4-2
[(J 2238 x J 2210-2)-3-3-4-6 x 
(700619 x 700599)-3-2-11-51-2-2-1-4-2
[(J 2238 x J 2210-2)-3-3-4-6 x 
(700619 x 700599)-3-2-11-51-6-1-5-4-1
[(J 2238 x J 2210-2)-3-3-4-6 x 
(700619 x 700599)-3-2-11-51-10-6-2-5-3
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ICMER
no.
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
Ident i ty
ICMPE 2-11-1-1-3-3
ICMPE 2-11-1-1-4-1
ICMPE 2-11-2-4-3-3
ICMPE 2-15-6-4-5-2
ICMPE 2-10-1-1-6-1
ICMPE 2-20-1-4-5-1
ICMPE 2-24-2-2-2-1
ICMPE 2-24-2-2-4-2
ICMPE 2-26-5-3-4-2
ICMPE 2-26-1-4-1-1
ICMPE 2-26-1-5-3-1
ICMPE 2-26-3-1-1-1
ICMPE 1-1-1-2-2
ICMPE 1-1-1-2-6
ICMPE 1-1-1-2-8
ICMPE 1-1-1-2-9
ICMPE 1-1-2-7-3
ICMPE 1-1-3-4-4
ICMPE 1-1-3-4-8
ICMPE 1-22-2-1-2
ICMPE 1-22-2-1-3
ICMPE 1-22-2-1-10
ICMPE 1-22-2-2-3
ICMPE 1-22-4-1-4
Pedigree
[(J 2238 x J 2210-2)-3-3-4-6 x 
(700619 x 700599)-3-2-11-5]-11-1-1-3-3
[(J 2238 x J 2210-2)-3-3-4-6 x 
(700619 x 700599)-3-2-11-51-1 1-1-1-4-1
[(J 2238 x J 2210-2)-3-3-4-6 x 
(700619 x 700599)-3-2-11-51-11-2-4-3-3
[(J 2238 x J 2210-2)-3-3-4-6 x 
(700619 x 700599)-3-2-11-51-15-6-4-5-2
[(J 2238 x J 2210-2)-3-3-4-6 x 
(700619 x 700599)-3-2-11-5]-10-1-1-6-1
[(J 2238 x J 2210-2)-3-3-4-6 x 
(700619 x 700599)-3-2-11-51-20-1-4-5-1
[(J 2238 x J 2210-2)-3-3-4-6 x 
(700619 x 700599)-3-2-11-51-24-2-2-2-1
[(J 2238 x J 2210-2)-3-3-4-6 x 
(700619 x 700599)-3-2-11-51-24-2-2-4-2
[(J 2238 x J 2210-2)-3-3-4-6 x 
(700619 x 700599)-3-2-11-5J-26-5-3-4-2
[(J 2238 x J 2210-2)-3-3-4-6 x 
(700619 x 700599)-3-2-11-51-26-1-4-1-1
[(J 2238 x J 2210-2)-3-3-4-6 x 
(700619 x 700599)-3-2-11-51-26-1-5-3-1
[(J 2238 x J 2210-2)-3-3-4-6 x 
(700619 x 700599)-3-2-11-51-26-3-1-1-1
[(J 2238 x J 797-1)-2-2-6-1 x 
(J 606-2 x J 703-1)-4-4-5-2]1-1-2-2
[(J 2238 x J 797-1)-2-2-6-1 x 
(J 606-2 x J 703-1)-4-4-5-21-1-1-2-6
[(J 2238 x J 797-1)-2-2-6-1 x 
(J 606-2 x J 703-1)-4-4-5-21-1-1-2-8
[(J 2238 x J 797-1)-2-2-6-1 x 
(J 606-2 x J 703-1)-4-4-5-2]-1-1-2-9
I(J 2238 x J 797-1)-2-2-6-1 x 
(J 606-2 x J 703-1)-4-4-5-2]-1-2-7-3
[(J 2238 x J 797-1)-2-2-6-1 x 
(J 606-2 x J 703-1)-4-4-5-21-1-3-4-4
[(J 2238 x J 797-1)-2-2-6-1 x 
(J 606-2 x J 703-1)-4-4-5-21-1-3-4-8
[(J 2238 x J 797-1)-2-2-6-1 x 
(J 606-2 x J 703-1)-4-4-5-21-22-2-1-2
[(J 2238 x J 797-1)-2-2-6-1 x 
(J 606-2 x J 703-1)-4-4-5-21-22-2-1-3
[(J 2238 x J 797-1)-2-2-6-1 x 
(J 606-2 x J 703-1)-4-4-5-21-22-2-1-10
[(J 2238 x J 797-1)-2-2-6-1x
(J 606-2 x J 703-1)-4-4-5-21-22-2-2-3
[( J 2238 x J 797-1)-2-2-6-1x
0 606-2 x J 703-1)-4-4-5-21-22-4-1-4
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ICMER
no.
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
Ident i ty
ICMPE 2-9-2-4-2
ICMPE 2-9-3-4-3
ICMPE 2-9-2-4-7
ICMPE 3-16-3-4-1
ICMPE 3-16-3-4-3
ICMPE 3-16-3-4-5
ICMPE 4-26-3-5-1
ICMPE 4-26-3-5-2
ICMPE 4-26-3-5-4
ICMPE 5-16-6-4-4
ICMPE 5-23-3-5-3
ICMPE 5-23-9-1-3
ICMPE 5-27-1-3-2
ICMPE 5-27-1-3-7
ICMPE 1-1-4-5-1
ICMPE 12
ICMPE 18
ICMPE 23
ICMPE 3 
ICMPE 4 
ICMPE 9 
ICMPE 10
ICMPE 24
ICMPE 22
ICMPE 81
ICMPE 89
ICMPE 92
ICMPE 141
ICMPE (6-l-2)-3-3-4-3-l- l
ICMPE (6-l-2)-3-3-4-3-l-2
ICMPE (6-1-2)-3-3-4-3-1-3
ICMPE (6-l-2)-3-3-4-3-l-4
Pedigree
[(Ex Bouchi 700638-3-2 x SC-l(S4)27-2)-l-10-19-6 x 
(J 606-2 x J 703-1)-4-4-5-2]-9-2-4-2
[(Ex Bouchi 700638-3-2 x SC-l(S4)27-2)-l-10-19-6 x 
(J 606-2 x J 703-1)-4-4-5-2]-9-2-4-3
[(Ex Bouchi 700638-3-2 x SC-1(S4)27-2)-1-10-19-6 x 
(J 606-2 x J 703-1)-4-4-5-2]-9-2-4-7
[(Ex Bouchi 700638-3-2 x SC-l(S4)27-2)-l-10-19-6) x 
(J 2238 x J 797-1)-2-2-6-1]-16-3-4-1
[(Ex Bouchi 700638-3-2 x SC-1(S4)27-2)-1-10-19-6 x 
(J 2238 x J 797-1)-2-2-6-1]-6-3-4-3
[(Ex Bouchi 700638-3-2 x SC-l(S4)27-2)-l-10-19-6 x 
(J 2238 x J 797-1)-2-2-6-11-16-3-4-5
[(J 606-2 x J 703-1)-4-4-5-2 x 
(J 2238 x J 797-1)-2-2-6-1]-26-3-5-1
[(J 606-2 x J 703-1)-4-4-5-2 x 
(J 2238 x J 797-1)-2-2-6-1]-26-3-5-2
[(J 606-2 x J 703-1)-4-4-5-2 x 
(J 2238 x J 797-1)-2-2-6-1]-26-3-5-4
[(J 606-2 x J 703-1)-4-4-5-2 x (Ex Bouchi
700638-3-2 x SC-1(S4)27-2)-1-10-19-61-16-6-4-4
[(J 606-2 x J 703-1)-4-4-5-2 x (Ex Bouchi
700638-3-2 x SC-1(S4)27-2)-1-10-19-6l-23-3-5-3
[(J 602-2 x J 703-D-4-4-5-2 x (Ex Bouchi
700638-3-2 x SC-l(S4)27-2)-l-10-19-6]-23-9-1-3
[(J 606-2 x J 703-1)-4-4-5-2 x (Ex Bouchi
700638-3-2 x SC-1(S4)27-2)-1-10-19-61-27-1-3-2
[(J 606-2 x J 703-1)-4-4-5-2 x (Ex Bouchi
700638-3-2 x SC-1(S4)27-2)-1-10-19-6]-27-l-3-7
[(J 2238 x J 703-1)-2-2-6-1 x 
(J 606-2 x J 703-1)-4-4-5-2)-1-4-5-1
(ICMPE 134-6 x 700590)-10-6-2
(ICMPE 13-2 x SDN 503)1-1-1
(ICMPE 13-2 x SDN 503)- l - l -6
(ICMPE 34-1-3 x ICMPE 41-1-1)-4-14-3-3
(ICMPE 34-1-3 x ICMPE 41-1-D-4-14-6-1
[(ICMPE 7-1-3)17-3-7-P5 x ( ICMPE 1-46-P1)1-39-4-1
[(ICMPE 7-1-3)-17-3-7-P5 x ( ICMPE 1-46-P 1)1-39-4-2
[(ICMPE 9-2-1)-13-1-1-P3 x (ICMPE 1-25-P3)]-39-9-4
(ICMPE 134-6-9 x ICMPE-16)-22
(ICMPE 16 x ICMPE 13-6-30)-14
[(ICMPE 134-6-9 x ICMPE (8-1-4)-14-6]-5
[(ICMPE 134-6-9 x ICMPE (8-1-4)-14-6]-8
[(ICMPE (8-1-4)-14-6 x ICMPE 134-6-9]-8
(700708-1-E-l xJ 797-1-E-1-2)-1-2-3-3-4-3-M
(700708-1-E-1 x J 797-1-E-1-2)-1-2-3-3-4-3-1-2
(700708-1-E-1 x J 797-1-E-1-2)-1-2-3-3-4-3-1-3
(700708-1-E-l x J 797-1-E-1-2)-1-2-3-3-4-3-1-4
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no.
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
Identi ty
ICMPE (6-1-2)-3-3-4-3-1-5
ICMPE (6-1-2)-3-3-4-3-3-1
ICMPE (6-l-2)-3-3-4-3-3-2
ICMPE (6-l-2)-3-3-4-3-5-l
ICMPE (6-1-2)-3-3-4-3-5-3
ICMPE (6-1-1)-3-3-4-3-6-1
ICMPE (6-1-1)-3-3-4-3-6-2
ICMPE (6-1-1)-3-3-4-3-6-3
ICMPE (6-1-D-3-3-4-3-6-4
ICMPE (6-2-1)-3-3-4-7-5-2
ICMPE (7- l -3)-2-3- l -17- l - l
ICMPE (7-1-3)-2-3-1-17-2-4
ICMPE (7-l-3)-2-3-l-17-2-6
ICMPE (7- l -3)-2-3- l -17- l - l
ICMPE (7-1-3)-2-3-1-17-3-6
ICMPE (7-l-3)-2-3-l-17-4-l
ICMPE (7-l-3)-2-3-l-17-5-6
ICMPE (7-1-3)-2-3-M7-6-1
ICMPE (7-l-3)-2-3-8-2-3-l
ICMPE (7-l-3)-2-3-8-2-3-2
ICMPE (7-l-3)-2-3-8-2-5-l
ICMPE (7-l-3)-2-3-8-2-6-2
ICMPE (7-1-3)-2-3-8-2-6-4
ICMPE (7-l-3)-2-3-8-2-7-l
ICMPE (7-l-3)-2-3-8-2-7-2
ICMPE (7-l-3)-2-3-8-2-7-4
ICMPE (7-l-3)-2-3-8-7-3-l
ICMPE (7-l-3)-2-3-8-7-7-6
ICMPE (7-1-3)-13-6-2-4-4-3
ICMPE (7-1-3)-13-6-2-4-4-3
ICMPE (7-1-3)-13-6-2-7-4-1
ICMPE (7-1-3)-23-7-1-1-1
ICMPE (7- l -3)-23-7- l - l - l -4
ICMPE (7-1-3)-23-7-1-1-5-1
ICMPE (7-l-3)-23-7-l- l-5-7
ICMPE (7-1-3)-23-7-2-1-4-3
ICMPE (7-1-3)-23-7-2-1-6-2
ICMPE (8-1-4)-14-5-1-4-3-3
ICMPE (8-1-4)-30-3-5-1-1-3
ICMPE (8-1-4)-30-3-5-1-1-4
ICMPE (8-1-4)-30-3-5-1-4-1
ICMPE (8-1-4)-30-3-5-1-5-1
ICMPE (8-1-4)-30-3-5-1-6-1
ICMPE (8-1-4)-30-3-5-1-6-2
ICMPE (8-1-4)-30-3-5-1-7-3
Pedigree
(700708-1-E-1 x J 797-1-E-1-2)1-2-3-3-4-3-1-5
(700708-1-E-1 x J 797-1-E-1-2)-1-2-3-3-4-3-3-1
(700708-1-E-l x J 797-1-E-1-2)-1-2-3-3-4-3-3-2
(700708-1-E-l x J 797-1-E-1-2)-1-2-3-3-4-3-5-1
(700708-1-E-1 x J 797-1-E-1-2)-1-2-3-3-4-3-5-3
(700708-1-E-1 x J 797-1-E-1-2)-1-1-3-3-4-3-6-1
(700708-1-E-1 x J 797-1-E-1-2)1-1-3-3-4-3-6-2
(700708-1-E-1 x J 797-1-E-1-2)1-1-3-3-4-3-6-3
(700708-1-E-1 x J 797-1-E-1-2)-1-1-3-3-4-3-6-4
(700708-1-E-1 x J 797-1-E-1-2)-2-1-3-3-4-7-5-2
(700708-1-E-l x J 797-1-E-1-2)-1-3-2-3-1-17-1-1
(700708-1-E-1 x J 797-1-E-1-2)-1-3-2-3-1-17-2-4
(700708-1-E-1 x J 797-1-E-1-2)-1-3-2-3-1-17-2-6
(700708-1-E-1 x J 797-1-E-1-2)-1-3-2-3-1-17-1-1
(700708-1-E-1 x J 797-1-E-1-2)-1-3-2-3-1-17-3-6
(700708-1-E-1 x J 797-1-E-1-2)-1-3-2-3-1-7-4-1
(700708-1-E-1 x J 797-1-E-1-2)-1-3-2-3-1-17-5-6
(700708-1-E-1 x J 797-1-E-1-2)-1-3-2-3-1-17-6-1
(700708-1-E-1 x J 797-1-E-1-2)-1-3-2-3-8-2-3-1
(700708-1-E-l x J 797-1-E-1-2)-1-3-2-3-8-2-3-2
(700708-1-E-1 x J 797-1-E-1-2)-1-3-2-3-8-2-5-1
(700708-1-E-1 x J 797-1-E-1-2)-1-3-2-3-8-2-6-2
(700708-1-E-1 x J 797-1-E-1-2)-1-3-2-3-8-2-6-4
(700708-1-E-l x J 797-l-E-l-2)-l-3-2-3-8-2-7-l
(700708-1-E-l x J 797-l-E-l-2)-l-3-2-3-8-2-7-2
(700708-1-E-1 x J 797-1-E-1-2)-1-3-2-3-8-2-7-4
(700708-1-E-1 x J 797-1-E-1-2)-1-3-2-3-8-7-3-1
(700708-1-E-1 x J 797-1-E-1-2)-1-3-2-3-8-7-7-6
(700708-1-E-1 x J 797-1-E-1-2)-1-3-13-6-2-4-4-3
(700708-1-E-1 x J 797-1-E-1-2)-1-3-13-6-2-4-4-3
(700708-1-E-1 x J 797-1-E-1-2)-1-3-13-6-2-7-4-1
(700708-1-E-1 x J 797-1-E-1-2)-1-3-23-7-1-1-1-1
(700708-1-E-l x J 797-1-E-1-2)-1-3-23-7-1-1-1-4
(700708-1-E-l x J 797-1-E-1-2)-1-3-23-7-1-1-5-1
(700708-1-E-1 x J 797-1-E-1-2)-1-3-23-7-1-1-5-7
(700708-1-E-l x J 797-1-E-1-2)-1-3-23-7-2-1-4-3
(700708-1-E-1 x J 797-1-E-1-2)-1-3-23-7-2-1-6-2
(700708-1-E-1 x J 797-1-E-1-2)-1-4-14-5-1-4-3-3
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-1-1-3
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-1-1-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-1-4-1
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-1-5-1
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-1-6-1
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-l-6-2
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-1-7-3
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ICMER
no.
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
273
274
275
Identi ty
ICMPE (8-1-4)-30-3-5-1-8-2
ICMPE (8-1-4)-30-3-5-2-1-2
ICMPE (8-1-4)-30-3-5-2-3-1
ICMPE (8-1-4)-30-3-5-2-3-2
ICMPE (8-14)-30-3-5-2-3-3
ICMPE (8-1-4)-30-3-5-2-3-4
ICMPE (8-1-4)-30-3-5-2-4-2
ICMPE (8-1-4)-30-3-5-2-4-4
ICMPE (8-1-4)-30-3-5-2-5-3
ICMPE (8-1-4)-30-3-5-2-5-4
ICMPE (8-1-4)-30-3-5-2-5-5
ICMPE (8-1-4)-30-3-5-2-6-l
ICMPE (8-1-4)-30-3-5-2-6-5
ICMPE (8-1-4)-30-3-5-4-M
ICMPE (8-l-4)-30-3-5-4-l-5
ICMPE (8-1-4)-30-3-5-4-2-4
ICMPE (8-1-4)-30-3-5-4-2-5
ICMPE (8-1-4)-30-3-5-4-2-6
ICMPE (8-1-4)-30-3-5-4-3-l
ICMPE (8-1-4)-30-3-5-4-3-2
ICMPE (8-1-4)-30-3-5-4-3-3
ICMPE (8-1-4)-30-3-5-4-3-4
ICMPE (8-1-4)-30-3-5-4-3-6
ICMPE (8-1-4)-30-3-5-4-4-l
ICMPE (8-1-4)-30-3-5-4-4-2
ICMPE (8-1-4)-30-3-5-4-4-4
ICMPE (8-1-4)-30-3-5-4-4-6
ICMPE (8-1-4)-30-3-5-4-8-2
ICMPE (8-1-4)-30-3-5-4-8-4
ICMPE 2-1-2-3-5-1
ICMPE 2-1-2-6-2-1
ICMPE 2-1-2-6-2-2
ICMPE 2-1-2-6-2-3
ICMPE 2-1-2-6-5-1
ICMPE 2-1-2-6-5-2
ICMPE 2-1-2-6-5-3
ICMPE 2-1-2-6-5-4
ICMPE 2-1-2-7-1-5
ICMPE 2-1-2-7-6-1
ICMPE 2-1-2-7-6-2
ICMPE 2-1-2-7-7-2
ICMPE 2-1-4-3-4-4
ICMPE 2-1-4-3-5-2
ICMPE 2-1-4-3-6-1
Pedigree
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-1-8-2
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-2-1-2
(700708-1-E-l x J 797-1-E-1-2)-1-4-30-3-5-2-3-1
(700708-1-E-l x J 797-1-E-1-2)-1-4-30-3-5-2-3-2
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-2-3-3
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-2-3-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-2-4-2
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-2-4-4
(700708-1-E-1 J 797-l-E-l-2)-l-4-30-3-5-2-5-3
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-2-5-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-2-5-5
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-2-6-1
(700708-1-E-1 x J 797-l-E-l-2)-l-4-30-3-5-2-6-5
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-4-1-1
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-4-1-5
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-4-2-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-4-2-5
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-4-2-6
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-4-3-1
(700708-1-E-l x J 797-1-E-1-2)-1-4-30-3-5-4-3-2
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-4-3-3
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-4-3-4
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-4-3-6
(700708-1-E-1 x J 797-l-E-l-2)-l-4-30-3-5-4-4-l
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-4-4-2
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-4-4-4
(700708-1-E-1 x j 797-1-E-1-2)-1-4-30-3-5-4-4-6
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-4-8-2
(700708-1-E-1 x J 797-1-E-1-2)-1-4-30-3-5-4-8-4
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-2-3-5-1
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-2-6-2-1
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-2-6-2-2
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-2-6-2-3
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-2-6-5-1
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-2-6-5-2
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-2-6-5-3
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-2-6-5-4
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-2-7-1-5
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-l-2-7-6-l
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-2-7-6-2
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-2-7-7-2
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-4-3-4-4
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-4-3-5-2
(700448-1 -E-2-3-7-1 x Togo 29-9-2-2)-1-4-3-6-1
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Appendix 2. Agronomic attributes
1
 and disease reactions (ergot, downy mildew ( D M ) , smut, and rust) of 283 ergot-
resistant lines of pearl millet (ICMER), ICRISAT Center, rainy season 1986.
lCMER no.
001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
Time to
50%
flowering
(d)
64
59
63
60
62
59
63
61
51
62
59
60
59
62
52
54
60
Panicles
plant-
1
2.4
3.8
3.0
3.4
3.3
3.3
3.0
2.9
3.9
2.2
2.1
3.0
2.9
2.5
3.3
3.7
2.9
Panicle Plant
length height
(cm) (cm)
22 181
22 192
24 177
22 180
23 180 
21 185
23 187
22 191
23 187
28 160 
28 160 
27 175
30 185
27 181
23 177
27 194 
26 162
1000-
seed
mass
(g)
5.1
5.3
6.6
5.1
6.7
5.2
5.4
4.7
5.5
8.9
8.6
8.6
7.7
8.3
6.1
6.8
6.7
Ergot
severity
( % )
2
1
1
1
1
1
2
1
1
<1
1
2
2
3
8
1
1
2
D M
inci-
dence
(%)
3
1
7
2
11
6
1
10
3
0
1
9
2
2
4
2
15
5
Smut
seve-
r i ty
( % )
4
0
0
0
0
<1
0
0
0
0
0
0
0
1
0
0
0
0
Rust
seve-
r i ty
( % )
5
8
28
18
40
40
25
33
30
45
23
15
24
15
25
23
23
25
Continued....
ICMER
no.
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
Ident i ty
ICMPE 2-1-4-3-6-2
ICMPE 2-1-4-5-1-1
ICMPE 2-1-4-5-1-3
ICMPE 34-1-2-4-6-1
ICMPE 34-1-6-5-6-2
ICMPE 102-4-4-3-1-5
ICMPE 102-4-4-3-1-6
ICMPE 102-4-4-3-1-7
ICMPE 102-4-4-3-1-8
ICMPE 102-4-4-3-1-9
ICMPE 102-4-4-3-1-10
ICMPE 102-4-4-3-1-11
ICMPE 2-1-2-9-1-3
ICMPE 2-1-2-14-1-2
ICMPE 2-1-2-14-1-3
ICMPE 2-1-2-14-1-4
Pedigree
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-4-3-6-2
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-4-5-1-1
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-4-5-1-3
(J 2210-2-1-4-2-3 x Togo 29-9-2-1 -1)-1 -2-4-6-1
(J 2210-2-1-4-2-3 x Togo 29-9-2-1-)-1-1-6-5-6-2
[(Togo 35P1-M-1 x (700708-1-E-1 x 
J 797-1-E-1-2)-7-2-3-7-3]-4-4-3-1-5
(700448 x Togo 29-2-1)-1-1-3-3
(700448 x Togo 29-2-1)-1-4-5-1
(700448 x Togo 29-2-1)-1-4-5-3
(700448 x Togo 29-2-1)-1-4-7-1
(700448 x Togo 29-2-1)-1-4-7-2
(700448 x Togo 29-2-1)-1-4-7-3
(700448-1-E-2-3-7-1 x Togo 29-9-2-2)-1-2-9-1-3
(700448-1 -E-2-3-7-1 x Togo 29-9-2-2)-l-2-14-l-2
[(J 2210-2 x Togo 29 -2 - l ) - 8 - l ] -M
[(J 2210-2 x Togo 29-2-1)-8-1]-1-2
- = Bu lk p o p u l a t i o n of the crosses.
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ICMER no.
018
019
020
021
022
023
025
026
027
028
029
030
031
032
033
034
035
036
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
055
056
057
058
059
060
061
063
064
065
066
067
068
Time to
50%
flowering
(d)
51
58
56
51
52
63
58
49
50
49
53
50
53
52
49
52
51
62
60
63
60
59
62
61
62
54
53
61
57
51
51
58
58
62
65
56
64
62
60
59
64
51
57
60
64
51
Panicles
plant-
1
3.0
3.6
3.5
3.1
3.2
3.4
3.7
3.6
2.9
2.9
3.5
3.4
3.4
2.8
3.4
3.5
3.1
2.1
3.2
3.5
3.4
2.9
3.1
3.8
2.3
3.0
2.5
2.8
3.5
3.6
2.8
2.2
1.8
2.2
2.5
2.4
2.5
1.9
2.2
2.4
4.0
2.8
2.9
3.8
3.6
3.9
Panicle
length
(cm)
24
21
24
21
24
29
26
20
23
20
21
22
21
21
21
22
22
22
22
23
21
21
22
21
21
28
27
26
25
25
25
25
25
26
28
25
28
30
26
28
15
29
23
24
22
27
Plant
height
(cm)
193
172
174
157
168
165
151
135
143
145
150
159
145
152
129
153
142
182
168
182
186
172
183
172
175
180
175
149
155
195
185
191
187
152
176
194
169
179
183
181
181
172
182
153
193
166
1000-
seed
mass
(g)
7.1
6.4
6.2
6.7
6.7
6.8
6.3
6.3
6.5
6.4
6.3
7.9
5.9
6.1
6.0
6.7
6.4
5.4
5.7
5.3
4.5
4.9
5.3
5.8
5.8
6.8
7.5
6.6
6.5
5.9
6.4
7.5
7.2
6.5
7.8
7.8
7.6
9.0
7.8
7.5
6.9
7.8
7.5
5.9
5.3
6.6
Ergot
severity
( % )
2
9
<1
2
<1
0
1
2
<1
5
<1
<1
7
<1
<1
1
1
<1
1
<1
1
1
1
4
3
<1
1
2
1
<1
3
1
2
4
<1
1
1
1
1
1
1
2
8
6
1
<1
1
D M
inci-
dence
(%)
3
4
8
15
6
3
4
7
4
2
7
<1
3
0
4
0
1
4
4
2
18
8
12
6
9
0
4
8
2
3
3
10
12
8
20
8
7
2
1
6
5
0
0
7
2
2
4
Smut
seve-
r i ty
( % )
4
0
0
0
0
0
0
<1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
<1
1
3
4
0
0
0
0
0
1
2
<1
0
<1
0
0
0
Rust
seve-
r i ty
( % )
5
38
25
25
63
38
20
20
29
29
27
28
58
28
30
32
31
29
8
20
33
22
33
28
40
25
32
33
27
45
23
40
65
60
31
40
4
18
12
40
60
17
25
18
23
30
23
Appendix 2. Continued. 
32
Continued....
ICMER no.
069
070
072
073
074
075
076
077
078
079
080
081
082
083
084
085
086
087
088
089
090
091
092
093
095
096
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
Time to
50%
flowering
(d)
60
65
61
60
65
60
60
59
61
62
65
64
63
59
60
58
65
64
54
56
62
57
61
64
56
62
56
50
59
55
56
58
53
59
50
54
59
51
56
54
57
54
50
58
58
59
61
Panicles
plant-
1
3.1
3.7
3.1
3.3
2.8
2.6
2.3
2.9
2.7
3.3
2.7
2.8
2.5
2.7
2.5
2.9
3.3
3.2
2.8
2.0
2.6
2.5
3.5
3.4
2.9
2.7
2.6
2.9
2.1
3.0
3.3
2.6
2.3
2.3
2.9
2.4
2.3
3.7
2.4
3.1
3.3
3.2
2.8
3.3
2.8
2.6
3.0
Panicle
length
(cm)
22
24
22
22
23
23
26
26
26
23
22
27
28
28
28
23
28
30
31
29
26
32
29
29
29
28
25
29
27
25
26
28
26
25
25
22
28
25
24
24
22
22
21
20
22
27
23
Plant
height
(cm)
165
169
163
153
155
160
167
175
170
155
160
156
150
177
151
148
149
136
174
145
144
171
167
177
174
208
175
186
202
182
181
195
166
192
170
135
182
172
165
161
156
158
149
144
155
182
170
1000-
seed
mass
(g)
8.4
9.4
8.3
7.2
8.7
9.2
7.8
9.5
9.9
7.7
9.0
7.5
9.4
9.3
8.8
8.3
8.3
8.0
8.8
9.4
8.8
9.4
8.5
9.2
8.5
9.8
8.0
7.2
6.6
6.1
8.4
8.0
8.0
7.0
7.3
5.2
7.6
6.1
6.1
5.9
6.0
6.8
6.5
6.8
7.0
7.5
5.8
Ergot
severity
( % )
2
8
4
6
2
1
3
2
2
<1
<1
<1
2
2
6
1
2
1
2
1
1
<1
2
<1
2
3
4
3
<1
<1
2
<1
2
1
<1
3
0
0
<1
<1
<1
<1
<1
<1
1
<1
2
1
D M
inci-
dence
( % )
3
3
18
22
8
5
2
13
2
5
6
11
16
32
46
13
7
4
13
3
14
15
7
4
8
4
3
0
3
0
1
6
2
3
2
1
0
4
2
10
10
3
8
7
4
9
1
13
Smut
seve-
r i ty
( % )
4
0
0
0
0
1
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
<1
0
0
0
0
0
0
0
<1
0
<1
0
0
0
0
0
0
0
0
0
0
Rust
seve-
r i ty
(%)
5
14
6
9
7
9
11
13
10
13
10
7
6
3
14
8
8
7
7
12
14
6
10
5
7
16
8
15
22
14
22
17
14
24
14
23
41
26
16
19
21
20
25
21
28
29
22
19
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ICMER no.
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
Time to
50%
flowering
(d)
53
54
63
63
67
57
57
63
64
52
51
54
54
51
54
51
59
57
55
54
53
61
50
59
66
64
67
65
64
64
65
60
64
61
62
61
63
66
62
58
59
61
63
62
66
65
Panicles
plant
- 1
3.0
2.6
3.4
2.1
1.5
2.4
2.8
3.5
3.1
2.9
3.3
1.8
3.1
3.1
3.0
2.8
2.9
4.1
2.5
2.7
2.1
2.3
3.0
2.7
2.4
2.0
2.4
2.1
2.4
2.6
2.4
2.2
2.4
2.6
2.5
1.8
2.9
2.5
2.8
1.8
2.8
2.3
2.6
2.5
2.8
2.3
Panicle
length
(cm)
26
25
20
28
27
27
26
22
21
25
22
27
23
23
22
24
25
22
23
27
25
24
26
23
23
20
23
23
25
22
24
21
25
22
22
22
28
28
25
25
26
21
19
21
23
28
Plant
height
(cm)
173
159
168
177
148
164
186
161
147
177
157
174
144
129
144
165
168
165
159
183
171
177
158
178
179
145
166
170
175
170
171
171
162
165
169
149
194
173
176
166
173
150
148
164
162
181
1000-
seed
mass
(g)
6.3
6.9
5.5
8.5
6.4
7.5
9.1
8.2
6.3
7.0
8.5
6.3
6.4
7.5
6.9
6.3
7.4
6.2
7.4
7.6
8.1
8.0
8.0
7.1
6.5
5.9
6.0
6.2
8.0
6.3
5.6
6.7
6.1
6.4
6.2
6.4
9.0
7.4
8.1
7.7
72
8.2
5.1
4.9
5.4
6.8
Ergot
severity
( % )
2
1
0
1
3
<1
8
3
1
1
3
5
4
<1
<1
1
<1
1
1
1
5
1
0
2
3
2
1
1
<1
1
1
2
1
1
3
1
2
1
1
1
5
4
5
1
1
2
4
D M
inci-
dence
(%)
3
13
10
5
2
7
3
1
8
15
1
2
0
3
6
1
2
23
3
13
7
6
3
10
1
56
1
63
48
14
94
70
3
2
3
0
3
5
14
5
7
19
13
4
2
12
6
Smut
seve-
r i ty
( % )
4
0
0
0
0
0
<1
0
0
0
1
<1
0
<1
0
<1
<1
0
0
0
0
<1
0
0
<1
0
<1
0
<1
0
<1
0
0
1
0
0
<1
0
<1
0
0
0
<1
0
0
<1
0
Rust
seve-
r i ty
( % )
5
27
19
16
20
12
40
20
24
28
43
28
50
14
50
28
45
13
17
18
20
8
9
18
25
12
13
10
7
25
15
8
20
20
18
23
8
15
8
10
38
23
45
22
28
22
33
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ICMER no.
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
Time to
50%
flowering
(d)
66
61
58
61
62
60
50
55
62
61
57
59
63
53
58
56
55
53
64
61
60
59
64
62
67
61
63
63
53
62
64
61
63
63
60
62
64
64
58
58
51
60
61
62
65
67
Panicles
p l a n t
1
1.5
2.4
2.5
2.6
2.4
1.2
2.8
1.6
1.9
2.1
2.6
1.9
2.2
3.2
2.7
3.2
1.8
2.9
3.8
3.0
3.1
2.9
2.9
3.5
4.0
2.8
3.5
3.3
2.9
3.1
3.0
3.5
2.6
1.9
1.8
2.0
1.3
2.4
2.1
2.2
3.5
2.0
1.8
2.3
1.9
2.0
Panicle
length
(cm)
24
25
30
26
23
26
16
25
21
19
22
23
20
27
22
29
24
26
24
23
23
22
22
23
23
24
23
23
24
23
23
23
21
22
21
18
17
19
22
20
28
20
23
21
17
21
Plant
height
(cm)
153
164
155
159
164
178
142
178
165
167
178
184
189
185
170
213
179
160
170
163
179
171
165
178
174
164
168
160
189
178
167
172
159
146
142
146
128
143
149
145
198
136
152
152
128
150
1000-
seed
mass
(g)
7.3
6.7
8.1
7.5
5.3
6.5
8.5
8.0
7.5
6.9
8.3
8.3
10.5
6.6
7.3
7.0
7.5
7.1
9.3
8.9
9.6
9.2
8.0
8.6
8.7
9.4
9.9
8.8
10.0
8.7
9.4
9.3
9.6
9.0
8.7
7.6
6.7
8.7
8.2
9.1
10.0
8.9
8.5
9.2
7.8
8.9
Ergot
severity
( % )
2
<1
1
7
1
1
1
7
1
1
1
1
2
3
<1
3
2
2
1
3
2
2
6
2
2
2
1
2
2
3
2
2
2
<1
<1
<1
1
2
1
1
<1
2
<1
<1
<1
<1
<1
D M
inci-
dence
( % )
3
45
11
88
98
2
2
0
3
8
21
8
15
2
13
6
30
15
8
46
38
16
23
21
6
34
22
25
21
23
15
19
22
2
4
10
6
3
0
8
10
1
2
1
3
0
3
Smut
seve-
r i ty
( % )
4
0
1
<1
0
0
0
1
0
0
<1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Rust
seve-
r i ty
( % )
5
8
23
33
33
20
33
33
40
50
33
40
23
5
28
25
48
45
35
8
8
13
15
5
8
5
5
5
13
25
18
5
13
15
28
18
10
8
5
5
28
30
38
40
15
18
13
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ICMER no.
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
Time to
50%
f lower ing
(d)
63
61
64
62
55
49
57
59
63
61
63
60
59
65
60
63
57
61
59
57
55
54
62
63
57
58
65
60
57
60
61
65
59
65
62
58
61
63
65
64
60
60
61
60
61
59
Panicles
p lan t
1
2.1
2.9
2.4
2.2
1.9
2.1
2.4
2.5
2.0
2.5
2.7
2.9
3.0
2.8
2.9
2.7
4.0
2.6
2.8
2.3
2.1
3.1
2.2
3.3
2.7
2.4
3.0
3.2
2.5
2.4
2.3
2.4
2.6
1.9
2.7
2.6
2.5
2.7
2.4
2.7
2.1
2.3
2.3
2.2
2.8
2.4
Panicle
length
(cm)
22
22
21
20
28
27
27
22
21
21
23
22
22
31
23
30
29
27
28
27
27
26
26
27
25
26
26
27
26
28
26
27
25
27
27
28
25
27
26
27
27
25
26
27
26
27
Plant
height
(cm)
153
147
158
141
166
162
165
155
150
151
154
160
159
155
167
211
185
153
192
199
176
148
148
151
151
146
155
163
169
172
160
164
131
150
180
170
163
155
166
157
161
150
147
157
157
164
1000-
seed
mass
(g)
9.2
7.5
9.5
8.7
8.5
8.3
8.5
8.2
9.0
6.9
7.5
8.7
8.5
8.1
9.5
9.2
7.0
8.9
8.8
10.3
10.1
8.5
7.8
9.5
8.2
8.8
7.8
8.7
9.7
8.8
9.2
8.6
8.0
8.3
7.6
9.4
9.1
10.2
9.0
8.7
8.8
8.8
10.0
9.9
9.2
9.2
Ergot
severity
( % )
2
2
<1
<1
0
2
7
1
<1
<1
1
<1
<1
1
<1
<1
1
1
1
3
<1
1
<1
3
<1
<1
<1
1
1
<1
<1
1
1
<1
<1
5
1
<1
<1
<1
<1
1
1
<1
1
<1
1
D M
inci-
dence
(%)
3
7
4
1
1
7
3
3
3
1
2
1
11
4
4
2
1
20
3
4
4
5
10
7
1
4
6
2
2
4
6
6
2
6
1
2
6
5
0
5
6
2
8
6
8
10
7
Smut
seve-
r i ty
(%)
4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Rust
seve-
r i ty
( % )
5
20
33
8
25
20
18
40
40
40
23
25
18
33
25
25
5
13
5
5
8
25
28
28
33
33
18
25
5
10
8
8
13
23
10
5
15
5
10
5
15
18
35
8
15
13
25
Appendix 2. Continued. 
36
ICMER no.
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
SE
Time to
50%
flowering
(d)
60
63
63
63
49
48
46
45
53
52
52
53
49
47
48
48
53
55
51
53
50
49
57
60
53
58
59
56
55
54
54
55
50
63
65
-
Panicles
plant
-1
2.7
2.8
2.1
3.2
1.9
1.6
2.0
1.9
1.9
1.7
2.4
1.4
2.2
3.2
2.5
2.6
1.3
1.9
1.7
1.5
1.7
1.8
2.8
2.1
1.8
1.6
1.6
1.6
1.8
2.3
2.3
2.5
2.2
1.3
1.1
±0.4
Panicle
length
(cm)
27
26
23
25
22
23
24
22
25
26
26
25
22
20
20
18
27
25
25
26
29
29
20
20
23
25
27
26
23
24
24
22
23
18
19
±1.0
Plant
height
(cm)
161
155
134
151
207
204
211
187
219
224
235
226
180
173
180
190
223
227
225
230
215
209
175
223
195
191
194
190
184
177
176
199
224
174
174
± 8.0
1000-
seed
mass
(g)
9.6
9.8
9.0
9.6
8.1
8.9
8.7
8.7
8.5
8.2
8.7
9.4
8.3
6.9
8.0
6.9
9.7
8.6
8.4
8.2
8.4
8.3
6.0
6.6
9.5
7.4
7.2
7.0
6.5
6.5
7.4
7.3
8.2
6.8
6.6
±0.6
Ergot
severity
( % )
2
<1
<1
<1
<1
2
1
1
3
1
1
9
1
2
4
1
1
1
5
1
4
3
1
2
1
10
0
<1
<1
<1
<1
<1
<1
<1
3
3
±2.0
D M
inci-
dence
( % )
3
4
26
5
7
12
13
12
19
13
6
10
8
41
1
2
21
4
13
3
3
6
4
4
1
3
3
1
1
1
2
9
0
1
48
57
-
Smut
seve-
r i ty
0
0
0
0
<1
0
0
0
0
2
4
1
0
0
2
3
1
2
0
0
0
0
<1
<1
<1
5
2
1
1
0
0
1
1
2
3
±1.0
Rust
seve-
r i ty
( % )
5
5
15
8
8
40
40
40
40
40
40
30
40
35
40
40
35
40
35
30
35
40
40
20
8
40
35
40
35
35
35
40
30
30
30
40
±7.0
1. Based on 10 p lants f r o m 2 rep l icat ions, except t ime to 50% f lowering (one repl icate)
2. Eva lua ted at bo th ICRISAT Center a n d A u r a n g a b a d .
3 . Eva lua ted in the d o w n y m i l d e w ( D M ) nursery a t ICRISAT Center.
4. Eva lua ted in the smu t nursery at ICRISAT Center.
5. Eva luated in ergot nurser ies unde r na tu ra l in fec t ion at Au rangabad and ICRISAT Center.
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About ICRISAT
The semi-arid tropics (SAT) encompasses parts of 48 developing countries including most of India, parts of southeast
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which can lead to enhanced sustainable production of these crops and to improved management of the limited natural
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networks, training, library services, and publishing.
ICRISAT was established in 1972. It is one of 18 nonprofit, research and training centers funded through the
Consultative Group on International Agricultural Research (CGIAR). The CGIAR is an informal association of approx-
imately 50 public and private sector donors; it is co-sponsored by the Food and Agriculture Organization of the United
Nations (FAO), the World Bank, and the United Nations Development Programme (UNDP).
ICRISAT
International Crops Research Institute for the Semi-Arid Tropics
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